WSRC-RP-2001-00613

Key Words:

Super Compactor
Dynamic Compaction

L ow-L evel Waste Disposal

Retention:
Per manent

WASTE SUBSIDENCE POTENTIAL
VERSUS SUPERCOMPACTION

Mark A. Phifer
Elmer L. Wilhite

September 27, 2001

Westinghouse Savannah River Company

Savannah River Site
Aiken, SC 29808

Prepared for the U.S. Department of Energy Under L
Contract Number DE-AC09-96SR 18500




This document was prepared in conjunction with wor k accomplished under Contract No.
DE-AC09-96SR18500 with the U.S. Department of Energy.

DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United
States Gover nment. Neither the United States Gover nment nor any agency ther eof, nor any
of their employees, makes any warranty, express or implied, or assumes any legal liability
or responsibility for the accuracy, completeness, or usefulness of any information,
apparatus, product or process disclosed, or represents that its use would not infringe
privately owned rights. Reference herein to any specific commercial product, process or
service by trade name, trademark, manufacturer, or otherwise does not necessarily
constitute or imply its endorsement, recommendation, or favoring by the United States
Government or any agency thereof. The views and opinions of authors expressed herein do
not necessarily state or reflect those of the United States Government or any agency
ther eof.

Thisreport has been reproduced directly from the best available copy.

Available for sale to the public, in paper, from: U.S. Department of Commerce, National
Technical Information Service, 5285 Port Royal Road, Springfield, VA 22161

phone: (800) 553-6847

fax: (703) 605-6900

email: orders@ntis.fedworld.gov

online ordering: http://www.ntis.gov/support/index.html

Available electronically at http://www.doe.gov/bridge

Available for a processing fee to U.S. Department of Energy and its contractors, in paper,
from: U.S. Department of Energy, Office of Scientific and Technical Information,
P.O. Box 62, Oak Ridge, TN 37831-0062

phone: (865)576-8401

fax: (865)576-5728

email: r eport s@doni s. osti . gov




WSRC-RP-2001-00613

Key Words:

Super Compactor
Dynamic Compaction
Low-Level Waste Disposal

Retention:
Per manent

WASTE SUBSIDENCE POTENTIAL
VERSUS SUPERCOMPACTION

Mark A. Phifer
Elmer L. Wilhite

September 27, 2001

Westinghouse Savannah River Company /
Savannah River Site
Aiken, SC 29808

savannah river site

Prepared for the U.S. Department of Energy Under
Contract Number DE-AC09-96SR18500



WSRC-RP-2001-00613

WSRC-RP-2001-00613

REVIEWS AND APPFROVALS

Y2ty g
e TIIAE e

Elmer Whilhite, Waste Processing Techmology Diale

A L. Ol 15 [

Leonard B. Collard, Reviewer, Wasle Dispesal arkd Envaronmental Devebopament Dialee

-

Y = i

Mickse] G. Serrato, Reviewer, Environmental Analysis T Date

R 7 B ofsfice

B. T. Butcher, Level 4 Manager, Waste Disposal and Envireemental Developmen]  Dale

A 2% Jo |4zl

W E. Stevens, Level 3 Manager, Waste Processing Technology © e
2R S 15/ 4:/6i
R. 5. Astward, Level 3 Managr, Environmental Restoration Technohsgy [Date
Page ii

Page i



WSRC-RP-2001-00613

TABLE OF CONTENTS
LIST OF FIGURES ... .o iv
LIST OF TABLES ..o \Y
ACKNOWLEDGEMENTS ... %
LOEXECUTIVE SUMMARY ...ttt 1
20 INTRODUCTION ..ottt 5
3.0 BACKGROUND STUDIES .......ooiiiiiiiiieee e 7
3.1 B-25 BOX LOADING STUDY ...ooiiiiiiiiieri s 7
3.2STACKED B-25BOX SUBSIDENCE ESTIMATE ..o 7
3.3KAOLIN CAP SUBSIDENCE DEMONSTRATION ....ccooiiiiiiiiiireeeeen 8
3.4 STATIC SURCHARGE DEMONSTRATION ...t 9
3.5MIXED WASTE MANAGEMENT FACILITY DYNAMIC COMPACTION....... 9
3.6 SRSSANITARY LANDFILL MATERIAL ANALYSIS ... 9
3.7 STACKED B-25BOX DYNAMIC COMPACTION FIELD EVALUATION ...... 10
3.8 CLOSURE CAP SUBSIDENCE DEMONSTRATION ... 10
3.9 CLOSURE CAP ECONOMIC EVALUATION .....ocoiiiiiiiii e 10
3.10 PRELIMINARY E-AREA TRENCH SUBSIDENCE EVALUATION................ 14
3.11 LONG-TERM WASTE STABILIZATION DESIGN TECHNICAL TASK
PLAN e r e r e nneene s 14
4.0 WASTE CONTAINER AND OTHER DATA ..o 15
SO ANALY SIS et ne e 21
5.1 RELATIVE SUBSIDENCE POTENTIAL ..ccoiiiiiiiie e 22
5.2RELATIVE ENGINEERED TRENCH DESIGN AND CONSTRUCTION COST
..................................................................................................................................... 28
53 RELATIVE WASTE/SUBSIDENCE TREATMENTSCOST ......ocoiiiieiirierienne 29
S4ARELATIVE CLOSURE CAP COST ... 33
S5.5TOTAL RELATIVE CLOSURE COST SUMMARY ....oooiiiiiiiieieeeee e 34
5.6 RELATIVE CLOSURE CAP SUBSIDENCE REPAIR COST .....cccccoiiiiiiiiiines 35
5.7 RELATIVE CUMULATIVE OPERATING AND MAINTENANCE COST ....... 42
5.8 TOTAL RELATIVE LONG-TERM MAINTENANCE COST ......ccocoiviiriiiinnne 43
6.0 SUMMARY AND CONCLUSIONS.......coiiieiieeeee e 47
7T.ORECOMMENDATIONS ... ..ot 61
B.OREFERENCES. ... ..ot n e 65
APPENDIX A. CALCULATIONS.......o o 67
APPENDIX B. EMAILS. ..o 127

Pageiii



WSRC-RP-2001-00613

LIST OF FIGURES

FIQUrE 1. COSt SUMIMEAIY ....c.eiiuiiiiiiieiieieeete ettt bbbt e e e s e b snennenre s 3
Figure2. FML/GCL Closure Cap Configuration..........cccceveeieeiieeseeseeseeseeseeseeseesseseesnens 12
Figure 3. WSF/SCF B-25 Process FIOW Diagram..........cccoeieieriienenieeieeeseesee s 18
Figure4. B-25 Boxes, stacked four high..........cccooovriiicce e 24
Figure 5. Subsidence Potential and Subsidence Potential Reduction .............ccooeveninennene. 48
Figure 6. Cost Summary with Traditional Subsidence RePair .........ccocevveveneienesenenienienn 52
Figure7. Cost Summary with Cap Replacement Subsidence Repair ..........cccoeevvvvveenienen. 52
Figure 8. Cost per Subsidence Reduction with Traditional Subsidence Repair.................... 54
Figure9. Cost per Subsidence Reduction with Cap Replacement Subsidence Repair ......... 54
Figure 10. Cost per Volume of Waste Received for DIiSpoSsal .........cccevveveninenenenenenennens 55
Figure11. Cost Timeline with Traditional Subsidence REPaIr...........ccoveeveeeeveeiieneeneeiens 59
Figure 12. Cost Timeline with Cap Replacement Subsidence Repair ..........cccoceverererennens 59
LIST OF TABLES
Table1l. Closure Cap Subsidence Demonstration Summary ResUltS..........cccceevevieveeneeennene. 11
Table2. FML/GCL Closure Cap Construction EStIMates.............ccooeeveieeieieneneneseneseenes 13
Table3. FML/GCL Closure Cap Yearly O&M EStimates..........cccceveeveeiesvieseese e, 13
Table4. Waste Containers meeting Engineered Trench WAC.........coooiiininenineceee, 16
Table 5. Relative Subsidence Potential and Relative Subsidence Potential Reduction........ 23
Table 6. Relative Engineered Trench Design and Construction Cost..........coceeevenerenennne 29
Table 7. Relative Waste/Subsidence Treatment COSE ........cocvvverirerieninienesesiesee e 32
Table 8. Cost per Supercompacted B-25 BOX .......ccoiriririeiiciesesie e 32
Table9. Relative CloSUre Cap COSt .....ccveiueieerieeie e seeie st s see et sae e sreesne e 33
Table 10. Total Relative ClOSUrE COSES.......c.ueiirirrierieeie e sieeie ettt nee e 34
Table11. Total Relative Closure Cost per Relative Subsidence Potential Reduction.......... 35
Table12. Long-term SubSidence Parameters...........coovveeereriieniese e 36
Table 13. Relative Closure Cap Subsidence Repair Cost — Traditional Method .................. 38
Table 14. Relative Closure Cap Subsidence Repair Cost — Cap Replacement Method........ 40
Table 15. Relative Closure Cap Subsidence Repair CoSt SUMmMary.........ccccceeeeeeiieeeeeeeeneennn, 41
Table 16. Relative Cumulative O&M COSt.......uuuuiiiiiiieeee e e e e e e eeeeeeneaees 43
Table 17. Total Relative Long-term Maintenance COSt...........cccevvviviiiiiiiiiiiiciiiicce e, 44
Table 18. Total Relative Long-term Maintenance Cost per Relative Subsidence Potential
(=70 18 ox 1 0] o FS OSSP 45.....
Table 19. SubSIENCE SUMMANY ......coiiiii e e 49
Table 20. COSt SUMMAIY ......covuiiiiiiiiiiis e e e e e ettt e e e e e e e e e e e e e e aeasaaann s Bl..........
Table 21. Cost per Subsidence Reduction SUMMATY ..........ccccciuiiiiiiiiiiiiieieeee e e 53
Table 22. Cost Per Volume of Waste Received for DiSposal ............cccceeeeiiiiiiieeeeieieeeeiiiiinnns 56

Page iv



WSRC-RP-2001-00613

ACKNOWLEDGEMENTS

We would like to acknowledge the contributions of Nathaniel S. Roddy for providing the
WITS data. We would al so like to acknowledge the input, helpful suggestions, and critical

review provided by Leonard B. Collard, Michael G. Serrato, James R. Cook, and William
(Bill) E. Jones.

Page v



WSRC-RP-2001-00613

This page intentionally left blank.

Page vi



WSRC-RP-2001-00613

1.0 EXECUTIVE SUMM ARY

Solid Waste Division (SWD) disposes of some low-level waste within specially designed
concrete vaults. Since the vaults are expensive to design and construct, SWD began utilization
of aWaste Sort Facility / Super Compactor Facility to reduce the volume of waste placed in the
vaults and thus extend the operational life of the vaults. Recently it was determined that some of
the wastes previously disposed in the vaults could be safely disposed in trenches, which are
much less expensive to design and construct. The Waste Sort Facility / Super Compactor
Facility operational cost is significant relative to the cost of trench design, construction, and
operation. Therefore the Solid Waste Division decided to conduct an evaluation to determine if
Waste Sort Facility / Super Compactor Facility operation is cost efficient for waste disposed in
trenches rather than vaults.

Numerous background paper studies, field tests, and actua field implementations relevant to this
evaluation have been discussed and referenced in this report. Waste container data from the
Waste Information Tracking System (WITS) on about 6,900 waste contai ners meeting the waste
acceptance criteriafor trench disposal have been categorized and presented along with a
statistical analysis on the density of thiswaste. An analysis has been performed on selected
waste/subsidence treatment methods to estimate rel ative subsidence potential, relative closure
costs, including the relative waste/subsidence treatment costs, and relative long-term

mai ntenance cost.

Six waste/subsidence treatment methods have been evaluated on an equivalent waste mass basis
in order to provide a consistent basis for relative subsidence potential reduction and cost
evaluations. The six waste/subsidence treatment methods include:

* Anessentialy no action case (i.e., direct disposal without waste compaction, followed
by emplacement of an interim soil cover, with no dynamic compaction)

* A Waste Sort Facility / Super Compactor Facility processing case
» Two dynamic compaction cases

* Two casesinvolving both Waste Sort Facility / Super Compactor Facility processing and
dynamic compaction

Conclusions of the study include:

» Useof B-25 boxesresultsin alarge inherent subsidence potential which cannot be
totally eliminated by any of the methods evaluated. Changing to a disposal container
with less structural integrity or waiting until the B-25 boxes have degraded before
performing dynamic compaction might reduce the subsidence potential more than the
cases evaluated.
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*  Only two of the treatment methods, tertiary dynamic compaction (i.e. direct disposal
without waste compaction, followed by emplacement of an interim soil cover and
tertiary dynamic compaction) and the combined use of the Waste Sort Facility / Super
Compactor Facility and tertiary dynamic compaction, can reduce the subsidence
potential by more than 50%. The combined use of the Waste Sort Facility / Super
Compactor Facility and tertiary dynamic compaction resultsin only an additional
seven inches of subsidence potential reduction versus that achieved by tertiary
dynamic compaction alone.

* Thecost of al casesis dominated by the cost of subsidence repair (7.4 M -
151.7 M), Waste Sort Facility / Super Compactor Facility operation (32.5 M), and B-
25 boxes (6.3 M — 10.8 M).

* The large range of costs for subsidence repair reflects the uncertainty in this cost
element. It also represents a large number of variables, which can be optimized to
produce the greatest potential long-term cost savings.

* Not using the Waste Sort Facility / Super Compactor Facility results in about 72%
increase in the size of disposal trench needed to accommodate the same amount of
waste. The cost of the increased trench size has been included in the analysis.

Figure 1 shows estimated costs for the cases involving tertiary dynamic compaction. Cost is
estimated for each case assuming two different methods of subsidence repair. The near term cost
of the tertiary dynamic compaction cases are less than that of the combined use of Waste Sort
Facility / Super Compactor Facility and tertiary dynamic compaction. The overall cost favors

the combined use of the Waste Sort Facility / Super Compactor Facility and tertiary dynamic
compaction only when the traditional method of cap repair is assumed. Due to the large cost of
this repair method, it is not likely to be used.

Overall the solid waste division should take an integrated approach which considers the
implications of and interactions between disposal operations, waste/subsidence treatments,
closure methodology, and long-term maintenance requirements in order to produce an overall
strategy which is both technically effective and cost efficient.
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2.0 INTRODUCTION

Solid low level radioactive waste (LLW) is disposed at the Savannah River Site (SRS) in the E-
ArealLow-Level Waste Facility (McDowell-Boyer, et al., 2000). Waste containing lower levels
of radioactivity is disposed in earthen trenches designated Engineered Trenches (Wilhite, 2000g;
Wilhite, 2000b). Engineered Trenches are excavated to approximately 22 feet below the ground
surface, have surface dimensions of approximately 150 feet by 650 feet (i.e. a surface area of
approximately 2.2 acres), have an access ramp at one end, and are lined with gravel to facilitate
use of aforklift. The excavated soil is stockpiled for later placement over disposed waste.

Each Engineered Trench is designed to contain approximately 12,000 B-25 boxes (Wilhite,
2001d). The B-25s are stacked in rows four high (approximately 17 feet high) with a forklift,
beginning at the end of the trench opposite the access ramp. As a sufficient number of B-25
rows are placed, stockpiled soil is bulldozed in a4-foot lift over some of the completed rows so
that the covered rows have at least 4 feet of soil over them. Thisinterim soil cover isonly
applied to that portion of the completed rows that still allows maintenance of a safe distance
from the working face (i.e. where new boxes are placed in the stack) within the trench. The
interim soil cover is graded to provide positive drainage off the trench and away from the
working face.

Placement of the B-25 boxes continues until the trench isfilled with boxes. At that point the
minimum 4 feet interim soil cover is placed over the remaining portion of the trench, and the
entire areais graded to provide positive drainage off the trench. A fina closure cap would
subsequently be placed over the Engineered Trench. (Dames & Moore, 1987; Wilhite, 2000g;
Wilhite, 2000b; Phifer and Serrato, 2000)

Subsidence of waste in trenches will be potentially disruptive of the closure cap installed after
the trench isfilled with waste. It has been previously estimated that Engineered Trenches
containing B-25 boxes stacked four high have a maximum ultimate subsidence potentia of
14.5 feet (Dames & Moore, 1987). Compacting the waste prior to disposal can eliminate some
of the voids in waste containers. SRS Solid Waste Division (SWD) currently processes the
waste through the Waste Sort Facility / Super Compactor Facility (WSF/SCF) to reduce the
subsidence potential prior to disposal of the B-25sin the Engineered Trenches.

At the WSF/SCF, waste is sorted into low-density (such as job control waste) and high-density
(such aswood and steel) wastes. Low density waste in 55-gallon drums is compacted in the
Super Compactor Facility (SCF) and the resulting waste pucks are placed and stacked in B-25
boxes until the box isfilled. Some low-density waste (such as asbestos, PCB, and wetted waste)
Is not suitable for supercompaction. High-density waste such as wood and steel isplaced in
B-25 boxes in amanner to minimize void space. Pre-sorted compactable waste is also received
directly from the waste generators in 55-gallon drums, ready for supercompaction. (McDowell-
Boyer, et al., 2000; Phifer and Serrato, 2000)
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The yearly cost of the WSF/SCF facility isin excess of $4,300,000 (Bunker, 2001a). Therefore
SWD has requested SRTC to perform a paper study to evaluate the following factors for selected
waste/subsidence treatment methods, both with and without the use of the WSF/SCF (Butcher, et
al., 2001):

» Relative subsidence potential reduction
* Rélative closure costs:
- Relative Engineered Trench Design and Construction Cost
- Relative waste/subsidence treatment cost
- Relative closure cap cost
* Relative long-term maintenance cost
- Relative closure cap subsidence repair costs
- Relative cumulative operating and maintenance (O& M) cost

This study uses data on SRS waste containers along with pertinent past studies to provide
estimates for the above items for the following sel ected waste/subsidence treatment methods:

* Placement of an interim soil cover over uncompacted B-25 boxes stacked within an
Engineered Trench (ISC). Thisis considered the no action case.

» Placement of an interim soil cover over B-25 boxes processed through the Waste Sort
Facility/Super Compactor Facility (WSF/SCF) and stacked within an Engineered
Trench (1SC & WSF/SCF)

e Standard dynamic compaction of uncompacted B-25 boxes stacked within an
Engineered Trench that had received an interim soil cover (ISC & SDC)

* Tertiary dynamic compaction of uncompacted B-25 boxes stacked within an
Engineered Trench that had received an interim soil cover (ISC & TDC) Standard
dynamic compaction of stacked B-25 boxes that have been processed through the
WSF/SCF within an Engineered Trench that had received an interim soil cover (1SC,
SDC, & WSF/SCF)

» Tertiary dynamic compaction of stacked B-25 boxes that have been processed
through the WSF/SCF within an Engineered Trench that had received an interim soil
cover (ISC, TDC, & WSF/SCF)
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3.0 BACKGROUND ST UDIES

Severa paper studies, field tests, and actual field implementations have been performed that are
relevant to the evaluation of subsidence and subsidence control methods for stacked B-25 boxed
waste in Engineered Trenches and the subsequent impact upon closure caps. Pertinent summary
information from these studiesis provided and forms the basis for the assumptions made in this
study.

3.1 B-25 BOX LOADING STUDY

The Savannah River Laboratory (SRL) conducted aloading study of B-25 boxesin 1986. It was
implied, but not directly stated in the report, that the testing was performed on a single empty
B-25 box without any lateral side support. This study concluded that the lid of thetop B-25in a
stack of four boxes would be subjected to a uniform soil load and would behave similar to a
simply supported floor slab. It was concluded that the sides of underlying boxes would be
subjected to a compressive load and that the lids of underlying boxes would not initially be
subjected to any loading. Thiswas concluded due to the nature of the box stacking, where the
risers of the box above transfer the load to the sides of the box below rather than to the lid.

The associated testing concluded that the B-25 lid would start to deform and then collapse into
the box under loads of approximately 30 psf and 1100 psf, respectively. These loads are
equivalent to soil surcharges of approximately 0.3 feet and 10.5 feet, respectively. Thetesting
also concluded that complete collapse of the box would occur under aload of approximately
1700 psf, which is equivalent to a soil surcharge of approximately 16 feet.

Since the testing was performed on a single empty B-25 box without any lateral side support, the
test results associated with the lid of the top box are assumed to be fairly representative.
However, the test results associated with total collapse of the boxes probably does not represent
reality, since the test did not account for the lateral side support provided by adjacent boxes and
their interior waste. Since this study did not account for the lateral side support provided by
stacks of boxes in an Engineered Trench, the actual l1oad required for complete collapse of boxes
in this condition would be much greater than determined from this study. (Y au, 1986)

3.2 STACKED B-25BOX SUBSIDENCE ESTIMATE
Dames & Moore conducted a paper study of B-25 subsidence in 1987. They produced an

estimate of the maximum ultimate subsidence for Engineered Trenches containing uncompacted
B-25 boxes stacked four high. Their estimate was based upon the following:

* The Savannah River Plant (SRP) estimated “that the typical box consists of 70 percent

void space and 30 percent waste material.”

* The interior height of each box is 3.917 feet.
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* It was assumed that “total collapse of the void space and” that an “approximately 75
percent reduction in the thickness of the waste materials” would ultimately occur.

* The void space due to the 4” risers was not considered.
* This resulted in an estimated maximum ultimate subsidence of 14.5 feet as follows:
(4x0.70<3.917"1+(4%0.30¢3.917%0.75) = 14.5’

The Dames & Moore analysis divided the 14.5 foot maximum ultimate subsidence of
uncompacted B-25 boxes stacked four high into three components:

* Box Buckling: It was estimated that 2.5 to 3.5 feet of subsidence would occur from
B-25 box buckling due to overburden stress (i.e. soil cover over the boxes). It was
estimated that buckling would begin with the breach of the top B-25 lid with as little as
3.3 feet of soil over it. It was also estimated that complete buckling of the bottom box
would occur with 13.7 feet of soil over the stack of boxes. It was assumed “that the
buckling of these boxes would occur in a random manner over a long period of time
throughout the” trench, due to the restraint provided by surrounding boxes.

» Box Corrosion: It was estimated that 7.5 to 8.5 feet of subsidence would occur from
B-25 box corrosion and subsequent collapse. It was estimated that “it would take about
30 years to perforate the 14 gauge material” of the box, but that “the time-dependent
effects of corrosion on the degradation of box strength could not be evaluated at” that
time.

» Waste Degradation and Consolidation: It was estimated that 3.5 feet of subsidence
would occur due to waste degradation and consolidation.

Dames & Moore estimated that the combined subsidence due to B-25 buckling and B-25
corrosion/collapse was a total of 11 feet, and that even if buckling did not produce its estimated
full subsidence of 2.5 to 3.5 feet, corrosion/collapse would make up the remainder of the 11-foot
total. They finally concluded “that subsidence is expected to be seen as an initial settlement
during construction, followed by” a “progressive, somewhat erratic pattern of settlement over a
very long period of time.” (Dames & Moore, 1987)

3.3KAOLIN CAP SUBSIDENCE DEMONSTRATION

Dr. Richard C. Warner of the University of Kentucky performed a kaolin clay cap subsidence
field demonstration in 1988. This demonstration concluded that a 2-foot thick compacted kaolin
layer could span a 3 to 3.5-foot wide cavity without subsidence, but that it would eventually fail
and produce subsidence over a 4-foot wide cavity. It was also demonstrated that saturated soil
conditions reduce the width of cavity that the kaolin can span. (Warner, 1989)
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3.4 STATIC SURCHARGE DEMONSTRATION

The Savannah River Plant (SRP) Waste Management Department (WMD) conducted afield
evaluation of static surcharge for the stabilization of a 1.5-acre trench containing stacked B-25
boxes during 1988 and 1989. The static surcharge field test consisted of the placement of
subsidence monitors and a 25-foot soil surcharge on top of atrench containing B-25 boxes
stacked four high, which had an interim soil cover from four to eight feet thick. Over ayear
period an average subsidence of 2.7 feet was measured over the north two thirds of the trench,
which had had an average 7-foot interim soil cover. However alarge percentage of the
subsidence was due to consolidation within the 7-foot interim soil cover (C. T. Main, 1989a;
C. T. Main, 1989b; Phifer, 1991). It is estimated that the 7-foot interim soil cover and the
25-foot surcharge would have resulted in anormal force of approximately 3,300 psf on the top
boxes. If an original dry bulk density for the interim soil cover of 90 pcf and afinal dry bulk
density of 110 pcf is assumed, the consolidation within the interim soil cover would have been
approximately 1.3 feet. (Lambe and Whitman, 1969) This |leaves approximately 1.4 feet of
subsidence that would be due to B-25 box buckling.

3.5MIXED WASTE MANA GEMENT FACILITY DYNAMIC COMPACTION

In 1989, the Savannah River Site (SRS) Project Management Department (PMD) performed
standard dynamic compaction of 58 acres of the Mixed Waste Management Facility (MWMF)
including the same 1.5-acre trench containing stacked B-25 boxes that had previously received a
static surcharge. The standard dynamic compaction was conducted on a 10-foot square grid

pattern using both primary and secondary drops of an 8-foot diameter weight to provide

compaction within the center of each grid square. Thisresulted in the treatment of

approximately 50% of the surface area. Standard dynamic compaction of this 1.5-acre trench
resulted in the production of “5 to 6 foot craters with an average of 12 drops and final
displacements between drops of less than Y2-foot.” (Phifer, 1991; Phifer and Serrato, 2000)

3.6 SRSSANITARY LANDFILL MATERIAL ANALYSIS

Under the direction of the SRS Environmental Restoration Division (ERD), SEC Donohue, Inc.,
performed a material analysis of the waste in the SRS Sanitary Landfill. The material analysis
included a large-scale measurement of the waste wet bulk density. The wet bulk density was
performed by waste excavation, weighing the waste, and calculating the waste volume based
upon a survey of the excavation. The average wet bulk density of the waste based upon five
large-scale measurements was determined to be approximately 135ayidrithe measurements
ranged from 1.2 to 1.7 g/ém The water content of the waste was not determined during this
study, so the dry bulk density of the waste could not be determined. (SEC Donohue, Inc., 1992)
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3.7 STACKED B-25BOX DYNAMIC COMPACTION FIELD EVALUATION

The SRS ERD conducted afield evaluation of the dynamic compaction of stacked B-25 boxed
waste in atrench during 1992 and 1993. Thisfield evaluation concluded that in general the top
boxes of the stack were more fully compacted than the boxes on the bottom. It was also
observed that the boxes on the top layer were fused together by their lateral spread and
interlocking, which may have inhibited the further effectiveness of dynamic compaction. Some
boxes were actually breached.

Finally it was observed that the potential for box corrosion was increased due to the breakage of
the protective coating bond with the metal and subsequent exposure of the bare metal. The
actual effectiveness of the dynamic compaction was not well documented during this study, but
it was noted that effectiveness could be increased by compacting in a pattern that completely
covered the entire surface area and compacting until final displacements between drops were less
than 0.2 feet. Such atertiary compaction pattern and displacement criteria was stated to result in
a 30% increase in compaction over the standard compaction criteria used to compact the 1.5-acre
trench in 1989. (McMullin and Dendler, 1994; Phifer and Serrato, 2000)

3.8 CLOSURE CAP SUBSI DENCE DEMONSTRATION

The SRS ERD performed a clayey sand and Flexible Membrane Liner (FML) / Geosynthetic
Clay Liner (GCL) cap subsidence field demonstration during 1992 and 1993. Table 1 provides a
summary of the demonstration results along with a comparison to the kaolin clay cap subsidence
field demonstration performed by Dr. Richard C. Warner in 1988 (Warner, 1988). Other
observations made during this demonstration include the following (Serrato, 1994):

» Failure began at the center of the cavity for both the clayey sand and FML/GCL caps.

» Significant surface loading (i.e. 7500 psf) on the clayey sand and FML/GCL caps with
underlying cavities could cause failure in avery short duration.

» Clayey sand and FML/GCL caps with underlying cavities and no surface loading could
span the cavities for significant periods prior to failure (i.e. 3 months).

3.9 CLOSURE CAPECONOMIC EVALUATION

The SRS ERD performed an economic evaluation of various closure cap configurationsin1993.
This study evaluated site preparation, construction, and post-closure operating and maintenance
costs associated with twelve different closure cap configurations for 10 different sizes of surface
impoundments ranging in size from 0.1 to 80 acres. The study concluded that in general the
most cost effective barrier consisted of a high density polyethylene (HDPE), flexible membrane
liner (FML) over a geosynthetic clay liner (GCL) over a clayey sand foundation layer as shown
in Figure 2.
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Tablel. Closure Cap Subsidence Demonstration Summary Results

Parameter Kaolin Cap * Clayey Sand Cap 2 FML/GCL Cap
Span at Failure (ft), 4 6 7
Unsaturated
Conditions
Span at Failure (ft), 25 5 7
Saturated Conditions
Hydraulic 1.2E-08 2E-06 1E-10
Conductivity (cm/s)
Underlying Cavity Increased prior to Remained constant Remained constant
Impact on Hydraulic collapse until collapse with strain until
Conductivity tensile failure
occurred (i.e. tearing)
Mode of Failure Catastrophically Catastrophically Incremental
subsidence until
tensile failure

1 2-foot thick kaolin clay layer (>90% passing #200 sieve)

2 2-foot thick clayey sand layer [SC material based on the Unified Soil Classification System
(USC9)]

% A 40-mil thick, high density polyethylene (HDPE), flexible membrane liner (FML) over a
geosynthetic clay liner (GCL) containing bentonite over a 2-foot thick clayey sand layer (USCS
SC material) (Serrato, 1994)

Table 2 provides the estimated closure cap construction costs for 2 and 5 acre FML/GCL caps
based upon the 1993 study. Table 2 costs have been modified from those of the 1993 study to
exclude site preparation, waste stabilization, fencing, and monitor well costs. These excluded
costs, except for waste stabilization, are assumed to not be applicable due to existing E-Area
infrastructure. The waste stabilization cost provided in the 1993 report is specific to surface
impoundments and as such are not applicable to this study.

Table 3 provides the estimated yearly O&M costs over a 30-year period for 2- and 5-acre
FML/GCL caps based upon the 1993 study. Table 3 costs have been modified from those of the
1993 study to exclude groundwater monitoring and fence maintenance. These excluded costs are
assumed to be not applicable due to existing E-Area infrastructure. Additionally, the 1993 study
estimated the subsidence repair costs based on an assumed 7-foot diameter sinkhole, and an
assumed subsidence frequency over a 30-year period. The repair cost for each 7-foot diameter
sinkhole was estimated to be $8000 for FML/GCL closure caps, which is equivalent to arepair
cost of approximately $210/ft%. (Bhutani, et al., 1993)

Page 11 of 192




WSRC-RP-2001-00613

Minimum 3% to Maximum 5% Slope

0.5’ Topsaoil

1.5 Common Fil

Geotextie Filter

1’ Sand Drainage Layer

30 mil High Density Polyethylene (HDPE)
Flexible Membrane Liner (FML)

Geosynthetic Clay Liner (GCL)

Clayey Sand Foundation Soil

«@— Sity Sand Interim Soi Cover

Figure2. FML/GCL Closure Cap Configuration
(Modified from Bhutani, et al., 1993)
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1993 2-Acre | 1993 5-Acre

Closure Cap Construction Activity FML/GCL * | FML/GCL

Cover ($) Cover ($)
Precontouring Site 3,000 4,330
Clayey Sand Foundation Placement 65,040 162,610
GCL Placement 80,800 200,200
FML Placement 39,420 98,580
Sand Drainage Layer Placement 47,920 119,790
Geotextile Filter Placement 3,790 9,460
Common Fill Layer Placement 25,740 64,360
Topsoil Layer Placement 20,130 50,270
Perimeter Drainage Layer Placement 2,760 4,290
Drainage Ditch Construction 4,010 10,030
Seeding, Fertilizing, & Mulching 13,320 33,300
Cover and Subsidence Marker Survey 2,400 3,600
Direct Cost Subtotal 308,330 760,820
Clean up & Demohbilization (5% of Direct 15,416 38,041

Cost Subtotal)
Location Factor (40% of Direct Cost Subtotal) 123,332 304,328
Total Direct Cost 447,078 1,103,189
Indirect Costs (100% of Direct Costs) 447,078 1,103,189
Total Closure Cap Construction Cost 894,156 2,206,378
Table3. FML/GCL ClosureCap Yearly O& M Estimates
1993 2-Acre | 1993 5-Acre

Closure Cap O& M Activities FML/GCL * | FML/GCL

Cover ($) Cover ($)
Monthly Inspection 4,500 5,400
Annual Subsidence Survey 1,500 1,800
V egetative Cover Maintenance 1,200 2,500
Total Closure Cap Yearly O&M Cost 7,200 9,700

! FML/GCL = high density polyethylene (HDPE), flexible membrane liner (FML) over a
geosynthetic clay liner (GCL) over aclayey sand foundation layer

Page 13 of 192



WSRC-RP-2001-00613
3.10 PRELIMINARY E-AREA TRENCH SUBSIDENCE EVALUATION

The SRS Savannah River Technology Center (SRTC) performed a preliminary E-Areatrench
subsidence evaluation in 2000. This study estimated the following subcontractor costs

associated with the “performance of dynamic compaction based upon the past projects:” (Phifer
and Serrato, 2000)

* ‘“Estimated mobilization/demobilization costs: $100,000”

» “Estimated dynamic compaction costs: $200,000 per acre”

3.11 LONG-TERM WASTE STABILIZATION DESIGN TECHNICAL TASK PLAN

SRS SRTC is currently conducting pertinent field testing and finite element modeling under
Technical Task Plan SR11SS29, Long-Term Waste Stabilization Design for Long-Term Cover
Systems. This is a 3-year study funded by the Department of Energy (DOE) Subsurface
Contaminant Focus Area. Work associated with this task is as yet unpublished and preliminary,
however what follows are pertinent results obtained to date. On May 3, 2001, a B-25 containing
simulated waste (wood) was exhumed after having been buried for approximately 8 years. Initial
observations made include the following: (Jones, et al., 2001)

» The uppermost B-25, which was exhumed, was buried approximately 8 feet deep.

» The lid of the uppermost B-25 had collapsed approximately 1.5 feet into the box itself.
Without the support provided by the wood contained in the box, the lid may have
collapsed deeper into the box.

* The uppermost B-25 was filled with water.
» All exterior surfaces of the uppermost B-25 were damp.

» Paint bubbles covered the exterior surface of the uppermost B-25. Where the paint
bubbles had completely debonded from the surface, an iron oxide layer (i.e. rust) had
formed. There did not appear to be any corrosion that had perforated the box, and there
did not appear to be any significant corrosion on the box interior. All box welds
appeared to be intact.

* The bottom and risers of the uppermost B-25 and the lid of the underlying B-25 were
intact and no soil was between them, however the lid of the underlying B-25 was damp
and soil stained. The underlying B-25 was half full of water.
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40 WASTE CONTAINER AND OTHER DATA

Data from the SRS Waste Information Tracking System (WITS) on about 6,900 waste containers
meeting Waste A cceptance Criteria (WAC) for the Engineered Trench are presented in Table 4
(Wilhite, 2001a). The containers are those located in the Low Activity Waste Vault (LAWYV)
and temporary storage areas associated with the LAWYV (i.e.,, TRAN1, TRAN2, TRANS,
TRANG, and TRAN7) and containers located in the Engineered Trench and associated temporary
storage areas (i.e., ET-TSA). The information presented, for each type of container, includes the
container description, the number of containers, and the average density for that container type.
Statistics (i.e., average, standard deviation, minimum, maximum, and median) on the density of
containersis also presented.

The data are subdivided into several categories, SRS boxes, non-SRS boxes, and miscellaneous
containers. The SRS boxes are further subdivided into the following categories:

* B-25 boxes containing non-compacted waste that pass the Waste Sort Facility (WSF)
screening criteria

»  B-25 boxes containing non-compacted waste that fail the WSF screening criteria
*  B-25 boxes containing supercompacted waste
*  B-25 boxes containing compacted waste from the 253-H compactor (purple boxes)

e B-12 boxes
The non-SRS boxes are subdivided into two categories, B-25 boxes and B-12 boxes.

To facilitate projection of waste subsidence and consequent trench cap disruption, only the SRS
B-25 boxes containing non-compacted and supercompacted waste will be considered. These
containers represent 77% of the total number of containers. The B-25 boxes containing
compacted waste from the 253-H compactor are not included because that compactor is no
longer operational (Roddy, 2001b).

The inside dimensions of B-25 boxes are 1.83 meterslong, 1.17 meters wide, and 1.19 meters
high (6 feet long, 3.83 feet wide, and 3.917 feet high). The outside dimensions are 1.85 meters
long, 1.19 meters wide, and 1.32 meters high (6.078 feet long, 3.911 feet wide, and 4.323 feet
high). Theinterior volume of aB-25is2.55 m* (90 ft®). (Dames & Moore, 1987)

According to the Solid Waste Division (SWD) waste received for potential supercompaction is
processed in one of the following two ways:

* Waste received from the generators in B-25 Boxes is processed through the WSF, if it
passes the WSF screening criteria, and it is supercompacted in the Super Compactor
Facility (SCF), if it passes the SCF compaction criteria.

* Pre-sorted compactable waste is also received at the SCF from the generatorsin 55-
galon drums. Thiswasteisready for supercompaction and does not require processing
through the WSF.
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Number Average Standard Minimum Maximum Median
Container Description of Boxes Density, g/cc deviation Density Density Density
SRS Uncompacted B-25 Boxes:
Pass WSF Screening Criteria
B-25 (YELLOW)-LIGHT 818 1.853E-01 1.616E-01 1.779E-02 1.119E+00 1.387E-01
B-25 (6,000# CAP) 672# 25 1.281E-01 5.011E-02 5.623E-02 2.354E-01 1.103E-01
B-25 (YELLOW) 575# 1042 1.965E-01 1.745E-01 3.024E-03 1.183E+00 1.424E-01
B-25 (YELLOW) 625# 1777 1.427E-01 6.265E-02 1.832E-02 3.549E-01 1.291E-01
B-25 OVERPACK - UNRESTRICTED 5 1.926E-01 3.188E-02 1.576E-01 2411E-01 1.865E-01
B-25(YELLOW) 440 LBS 87 1.734E-01 6.499E-02 6.589E-02 3.456E-01 1.654E-01
Super Compactor B-25 (575#) not compacted 1 1.658E-01 NA
B-25P (Purple Compactor B-25) not compacted 12 9.391E-02 5.204E-02 2.633E-02 1.713E-01 8.681E-02
Total SRS uncompacted B-25s meeting WSF 3767 1.673E-01 1.291E-01 3.024E-03 1.183E+00 1.357E-01
Screening Criteria
Fail WSF Screening Criteria
B-25 (YELLOW)-LIGHT 156 1.865E-01 1.475E-01 3.273E-02 6.790E-01 1.248E-01
B-25 (YELLOW) 575# 244 2.284E-01 1.908E-01 1.512E-02 8.405E-01 1.424E-01
B-25 (YELLOW) 625# 288 2.088E-01 1.695E-01 4.145E-02 8.627E-01 1.251E-01
B-25 OVERPACK - UNRESTRICTED 10 1.774E-01 4.375E-02 1.068E-01 2.545E-01 1.775E-01
B-25(YELLOW) 440 LBS 18 3.205E-01 1.744E-01 4.678E-02 5.950E-01 3.779E-01
B-25P (Purple Compactor B-25) not compacted 27 1.962E-01 9.140E-02 3.842E-02 3.132E-01 2.209E-01
Total SRS uncompacted B-25s not meeting WSF 743 2.124E-01 1.707E-01 1.512E-02 8.627E-01 1.359E-01
Screening Criteria
SRS B-25 Boxes containing supercompacted waste 779 7.201E-01 9.854E-02 4.468E-01 1.341E+00 7.089E-01
SRS B-25P (Purple Compactor B-25) compacted 183 4.371E-01 8.379E-02 2.448E-01 7.208E-01 4.470E-01
SRS B-12 434 4.763E-01 3.288E-01 1.107E-02 1.726E+00 4.134E-01
Non SRS Boxes:
BETTIS 12,500 CAPACITY B-25 128 1.036E+00 2.399E-01 1.116E-01 1.326E+00 1.085E+00
B-25(BETTIS) 284 4.298E-01 2.163E-01 3.735E-02 1.039E+00 3.949E-01
B-25, KAPL, Stng Tight, Unres. 211 4.050E-01 1.863E-01 1.270E-01 9.360E-01 3.691E-01
B-25 TYPE A (KNOLL-KAPL) 10 2.972E-01 1.678E-01 1.387E-01 5.657E-01 2.259E-01
B-25 PINELLAS 1 5.424E-02 NA NA NA NA
B-12(BETTIS) 17 1.270E+00 3.222E-01 1.506E-01 1.669E+00 1.290E+00
B-12, KAPL, Stng Tight, Unrest 66 8.4541E-01 4.661E-01 2.470E-01 2.694E+00 7.699E-01
B-12 STRONG TIGHT (KNOLL) 5 1.368E+00 1.354E-01 1.227E+00 1.553E+00 1.317E+00
B-12 Type A (Knolls) 1 1.705E-01 NA NA NA NA
Total non-SRS boxes 723
Miscellaneous Containers
55-Gal Drum (A,7A) 12 NA NA NA NA NA
Box for Jumper P-PJ-H-7878 1 NA NA NA NA NA
Empty 30-Gallon SS Drum 2 NA NA NA NA NA
NMSS Container for PVV 3 NA NA NA NA NA
B-1000 AGNS 2 NA NA NA NA NA
55 Gal Drum (UN1A2) 41 NA NA NA NA NA
55 Gal Drum (17H Bettis) 9 NA NA NA NA NA
BettisDOT 7A Type A 7 NA NA NA NA NA
KAPL-Windsor (B-82) 49 NA NA NA NA NA
KAPL-Windsor (B-87) 2 NA NA NA NA NA
KAPL-Knolls 55-gal drum 9 NA NA NA NA NA
KAPL-Kessdring 01-2800 25 NA NA NA NA NA
BAPL-Mixed Fission Products 4 NA NA NA NA NA
BAPL-Unirradiated Alpha 1 NA NA NA NA NA
KWD-Low Specific Activity 1 NA NA NA NA NA
SEG OP45(Retired Do Not Use) 34 NA NA NA NA NA
SRTC One-Time Shielded Cell 1 NA NA NA NA NA
SEG OP45 7 NA NA NA NA NA
KAPL-Windsor Steam Gen Un-Res 5 NA NA NA NA NA
SRTC Box — 16,000 LB. Capacity 1 NA NA NA NA NA
SRTC Box — 2000 LB. Capacity 1 NA NA NA NA NA
55-Gallon Drum, Carolina Metal 4 NA NA NA NA NA
85-Gallon, Stain. Steel Drum 15 NA NA NA NA NA
85-Gal Carbon Steel Drum, SW 3 NA NA NA NA NA
Empty Bung Hole 55-Gallon Drum 1 NA NA NA NA NA
Total Miscellaneous 240
Total Number of Container: 6869
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Also, according to SWD, approximately 30% of the B-25 boxes received, on the average, do not
pass the WSF screening criteria (Roddy, 2001b) and, of those B-25 boxes sent to the WSF/SCF,
about 15% were rejected because the contents were unacceptable for supercompaction (Wilhite,
2001b). Therefore, we have assumed that 60% of the SRS B-25 boxes received by SWD can be
supercompacted. These B-25 boxes received, which can be supercompacted, are
supercompacted by removing the waste from the B-25 boxes and placing it in 55-gallon drums.
The drums are then supercompacted. The supercompacted drums are then loaded into a B-25
box prior to emplacement in the Engineered Trench.

SWD also provided information that the 779 supercompacted SRS B-25 boxes of Table 4
contained 6095 compacted 55-gallon drums of waste that were received directly from the
generators at the SCF ready for compaction and, therefore, were not processed through the WSF
(Wilhite, 2001e). It isassumed that the split between compacted 55-gallon drums of waste both
processed through the WSF and received directly from the generators at SCF is accurately
represented by the fraction of each type of drum in the supercompacted SRS B-25 boxes. On the
average, 40 supercompacted drums are contained in a B-25 box. The median number of drumsis
39, the maximum is 68, the minimum is 24, and the standard deviation is 7.5 drums. Empty
55-gallon drums weigh 36 + 7.2 pounds (1.633E04 + 3.266E03 grams). (Roddy, 20014)

From Table 4, the average density of uncompacted B-25 boxes that pass the WSF screening
criteriais 0.1673 grams per cubic centimeter (g/cm?®). The average density of uncompacted B-25
boxes that do not pass the WSF screening criteriais 0.2124 g/cm® (see Table 4). The average
density of B-25 boxes containing supercompacted waste is 0.7201 g/cm? (see Table 4). (Wilhite,
2001a) The average weight of B-25 boxes, including the box itself, that pass the WSF screening
criteria, but fail the SCF compaction criteriais 748,430 g (Thomas, 2001).

Based upon the above data the following have been determined and/or calculated. (Appendix A
provides the detailed assumptions and calculations. The values presented within the body of the
report have been rounded from the values presented in Appendix A):

» If the SCF facility is utilized, both uncompacted and supercompacted B-25s would be
disposed in the Engineered Trench. Figure 2 provides the WSF/ SCF B-25 process flow
diagram based upon the receipt of 100 B-25 boxes by SWD. The detailed assumptions
and calculations are provided in Appendix A-1. Asshown in Figure 2, every 100 B-25
boxes received by SWD that meet the WAC for the Engineered Trench result in the
following for disposal in the Engineered Trench:

- Approximately 40 uncompacted B-25 boxes with an average waste density of 0.2067
g/cm® would be produced.

- Approximately 21 supercompacted B-25 boxes with an average waste density of
0.7201 g/cm® would be produced due to processing through the WSF.

- Approximately 5 supercompacted B-25 boxes with an average waste density of
0.7201 g/cm® would be produced due to pre-sorted compactable waste received from
the generatorsin 55-gallon drums.

- A total of approximately 66 B-25 boxes with an average waste density of 0.4088
g/cm®, of which approximately 39% are supercompacted and 61% are uncompacted,
would be disposed in the Engineered Trench.
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204 55-gallon Drums of

100 B-25s Received Waste Received at SCF:

eI e SEEETIE Equivalent to 14.5 B-25s
0.1807 g/cm3 0.1632 g/em3
T
i |
70% |
WSF Screening Pass 70 B-25s |
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Fail
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Disposal of 66 B-25s in the \ 4
Engineered Trench 44— — — — — — — 5 Super compacted B-25s
0.4088 g/cm3 0.7201 g/lem3

Figure3. WSF/SCF B-25 Process Flow Diagram
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If the B-25 boxes meeting the Waste Acceptance Criteria (WAC) were not processed
through the WSF/SCF prior to disposal in the Engineered Trench, and if the waste
received directly from the generatorsin 55-gallon drums was instead received in B-25
boxes, the average density of the waste within the uncompacted B-25s would be 0.1785
g/em®. The detailed assumptions and cal cul ations are provided in Appendix A-2.

The average B-25 box in an Engineered Trench containing B-25s which have been
processed through the WSF/SCF is equivalent to 1.72 average B-25 boxesin an
Engineered Trench containing only uncompacted B-25s on a mass equivalent basis.
Processing through the WSF/SCF results in disposal of a mixture of supercompacted and
uncompacted B-25 boxes. The detailed assumptions and calculations are provided in
Appendix A-3.
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5.0 ANALYSIS

An analysis has been performed to estimate the following factors associated with selected
waste/subsidence treatment methods:

» Relative subsidence potential reduction
* Relative closure costs
- Relative Engineered Trench Design and Construction Cost

- Relative waste/subsidence treatment cost (i.e. B-25 box, WSF/SCF, and dynamic
compaction costs)

- Relative closure cap cost
» Reative long-term subsidence maintenance cost
- Relative closure cap subsidence repair costs
- Relative cumulative operating and maintenance (O& M) cost

The items listed are considered to be the primary factors that would influence arelative
evaluation of the selected waste/subsidence treatment methods. Other costs would be involved
with each selected waste/subsidence treatment method, but an evaluation of the listed costs
should provide afair relative cost evaluation between the methods.

Therelative cost of Engineered Trench operation has not been estimated, since the operating
costs are basically the costs associated with box handling and such handling costs are assumed to
be essentially the same for all cases. Although there are fewer boxes to be disposed within the
Engineered Trench for cases involving processing through the WSF/SCF, the WSF/SCF
processing involves multiple steps, which result in multiple box handling. Whereas for cases
that do not involve processing through the WSF SCF, more boxes must be disposed within the
Engineered Trench, but the boxes require less handling. Therefore, the operating costs for all
cases are assumed to be equivalent.

The relative cost of interim soil cover placement has not been estimated due to its assumed
minimal cost compared to the other costs under evaluation. Placement of the interim soil cover
only involves the bulldozing of already stockpiled soil over the trench using existing labor,
which is already performing similar heavy equipment operations within E-Area.

The following are the selected waste/subsidence treatment methods, which have been included in
thisanalysis:

» Placement of an interim soil cover over uncompacted B-25 boxes stacked within an
Engineered Trench (ISC). Thisis considered the no action case.

* Placement of an interim soil cover over B-25 boxes processed through the Waste Sort
Facility/Super Compactor Facility (WSF/SCF) and stacked within an Engineered Trench
(ISC and WSF/SCF)

e Standard dynamic compaction of uncompacted B-25 boxes stacked within an
Engineered Trench that had received an interim soil cover (ISC and SDC)
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» Tertiary dynamic compaction of uncompacted B-25 boxes stacked within an Engineered
Trench that had received an interim soil cover (1SC and TDC)

» Standard dynamic compaction of stacked B-25 boxes that have been processed through
the WSF/SCF within an Engineered Trench that had received an interim soil cover (1SC,
WSF/SCF, and SDC)

» Tertiary dynamic compaction of stacked B-25 boxes that have been processed through
the WSF/SCF within an Engineered Trench that had received an interim soil cover (1SC,
WSF/SCF, and TDC)

This analysis has been performed based upon the following Engineered Trench closure and long-
term maintenance strategy for each sel ected waste/subsidence treatment method eval uated:

» Each of the following disposal, waste/subsidence treatment, and closure activities are
assumed to occur immediately after one another with no significant time period between
each activity:

- Waste is processed through the Waste Sort Facility / Super Compactor Facility
(WSF/SCF), if applicable to the waste/subsidence treatment method under
evaluation.

- The B-25 boxes containing the waste are stacked four high in the Engineered Trench.

- A minimum four-foot interim soil cover is placed over the B-25s after the
Engineered Trench has been filled.

- Dynamic compaction is performed, if applicable to the waste/subsidence treatment
method under evaluation.

- A Hexible Membrane Liner / Geosynthetic Clay Liner (FML/GCL) closure cap per
Figure 2 is constructed over the Engineered Trench.

» Long-term maintenance begins once the closure cap is completed and continues until the
estimated subsidence period has been compl eted.

All costs presented within this analysis are relative year 2001 costs for comparative purposes
only. The costs are not detailed cost estimates. All calculations are provided in Appendix A.
The values presented in the body of this report have been rounded off from those presented in
Appendix A.

5.1 RELATIVE SUBSIDENCE POTENTIAL

The relative subsidence potential and the relative subsidence potential reduction have been
estimated for each of the waste/subsidence treatment methods and the results are provided in
Table 5. Appendix A-4 provides the detailed assumptions and cal cul ations associated with the
Table 5 estimates. The subsidence potential, resulting from each of the waste/subsidence
treatment methods, is based upon the assumption that the waste bulk density will eventually
attain abulk density of 1.5 g/lem®. A bulk density of 1.5 g/lcm®is equivalent to atypical bulk
density for soil and for typical sanitary landfill waste (Hillel, 1982; Lambe and Whitman, 1969;
SEC Donohue, 1992).
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Table5. Reative Subsidence Potential and Relative Subsidence Potential Reduction

Subsidence Treatment Method Relative Subsidence Relative Subsidence
Potential (ft) Potential Reduction (%)
Base Subsidence Potential * 15.1 0.0
ISC 13.6 9.9
ISC and WSF/SCF 11.7 22.6
ISC and SDC 10.4 31.2
ISC and TDC 7.2 52.4
ISC, WSF/SCF, and SDC 9.2 39.5
ISC, WSF/SCF, and TDC 6.6 56.3

! Subsidence Potential of a stack of four uncompacted B-25 boxes prior to the placement of the
interim soil cover

ISC = Interim Soil Cover; WSF/SCF = Waste Sort Facility / Super Compactor Facility;

SDC = Standard Dynamic Compaction; TDC = Tertiary Dynamic Compaction

5.1.1 Base Subsidence Potenti al

The base relative subsidence potential, against which al of the waste/subsidence treatment
methods have been evaluated, has been estimated at 15.1 feet for a stack of four uncompacted
B-25 boxes prior to the placement of the interim soil cover. This estimate is consistent with the
previous 14.5-foot estimate made by Dames and Moore (1987) which did not take into account
the 1.3-foot subsidence potential due to the B-25 box risers. See Appendix A-4 for the detailed
assumptions and calculations. See Table 5 for the summary results, which are based upon the
following:

* Thevertical dimensions of B-25 boxes stacked four high as shown in Figure 3 prior to
any waste/subsidence treatment (Dames and Moore, 1987).

* Aninterior B-25 box height is 3.9 feet prior to any waste/subsidence treatment as shown
in Figure 4 (Dames and Moore, 1987).

» The presence of four risers, each with avertical void of 0.328 feet, creates atotal void of
1.3 feet prior to any waste/subsidence treatment (Dames and Moore, 1987).

» Theaverage density of uncompacted B-25s, where the B-25s are not processed through
the WSF/SCF but are placed directly in the Engineered Trench without any
supercompaction, is 0.1785 g/cm® (see Appendix A-2).
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17.292' (1.312’ due to 4" risers)
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Figure4. B-25 Boxes, stacked four high

5.1.2 Interim Soil Cover Subsidence Potential

The reduction in subsidence potential resulting from the placement of an interim soil cover over
an Engineered Trench containing only uncompacted B-25 boxes has been estimated based upon
the Yau (1986), Dames & Moore (1987), and Jones, et a. (2001) studies. Based upon these
studiesit has been estimated, that when a bulldozer is utilized to place an interim soil cover over
stacked uncompacted B-25 boxes, the lid of the top B-25 will collapse approximately 1.5 feet
into the box. Therefore, placement of an interim soil cover resultsin the elimination of 1.5 feet
of subsidence potential, which resultsin aremaining relative subsidence potential of 13.6 feet
(15.1 feet minus 1.5 feet; see section 5.1.1 for the base subsidence potential). See Table 5 for the
summary results and Appendix A-4 for the detailed assumptions and calculations.
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5.1.3 Interim Soil Cover and W aste Sort Facility/Super Compactor Facility Subsidence
Potential

The processing of B-25 boxes through the WSF/SCF prior to disposal within an Engineered
Trench and the placement of an interim soil cover resultsin arelative subsidence potential of
11.7 feet. See Appendix A-4 for the detailed assumptions and calculations. See Table 5 for the
summary results, which are based upon the following:

» Based upon the Yau, 1986; Dames & Moore, 1987; and Jones, et al., 2001 studies, it is
assumed that the lid of uncompacted B-25s will collapse on average 1.5 feet into the box
when the interim soil cover is placed with a bulldozer.

* Itisassumed that the crushed 55-gallon drums inside a supercompacted B-25 are stacked
to within 6 inches of the box lid. Therefore, on average, placement of the interim soil
cover can only collapse the lid of the top box 3 inches (0.25 ft) into the box itself due to
the curvature produced during lid deformation and collapse.

* Approximately 39% of the B-25s are supercompacted with an average waste density of
0.7201 g/cm® (Wil hite, 2001% and approximately 61% are uncompacted with an average
waste density of 0.2067 g/cm”.

* Theaverage density of B-25s placed in an Engineered Trench after processing through
the WSF/SCF is 0.4088 g/cm”.

* The uncompacted and supercompacted B-25 boxes are randomly placed within the
Engineered Trench.

5.1.4 Interim Soil Cover and Dynamic Compaction (Standard and Tertiary) Subsidence
Potential

The subsidence potential for both standard and tertiary dynamic compaction of an Engineered
trench containing only uncompacted B-25s (i.e. B-25s not processed through the WSF/SCF),
which has received an interim soil cover, has been estimated. Standard dynamic compaction is
conducted on a 10-foot square grid pattern using both primary and secondary drops of an 8-foot
diameter weight to provide compaction within the center of each grid square. Thisresultsin
standard dynamic compaction treating approximately 50% of the surface area under treatment.

Tertiary dynamic compaction is conducted identical to standard dynamic compaction, but it also
involves tertiary drops of the weight at each intersection of the 10-foot grid. Therefore, tertiary
dynamic compaction provides essentially 100% treatment of the entire surface area under
treatment. Standard dynamic compaction of an Engineered trench containing uncompacted
B-25s resultsin aremaining 10.4-foot subsidence potential, and tertiary dynamic compaction
resultsin aremaining 7.2-foot subsidence potential.

Page 25 of 192



WSRC-RP-2001-00613

See Appendix A-4 for the detailed assumptions and calculations. See Table 5 for the summary
results, which are based upon the following:

Theinitial subsidence potential of stacked uncompacted B-25 boxes prior to interim soil
cover placement is 15.1 feet as previously determined for the base case (see section
5.1.1).

Based upon the Yau, 1986; Dames & Moore, 1987; and Jones, et a., 2001 studies, it is
assumed that the lid of uncompacted B-25s will collapse on average 1.5 feet into the box
when the interim soil cover is placed with a bulldozer.

The assumed performance of standard dynamic compaction of the Engineered Trench
will be based upon the actual results of both the static surcharge and the dynamic
compaction of Engineered Low-Level Trench #1 (ELLT-1) that was conducted during
closure of the Mixed Waste Management Facility (MWMF). Based upon Phifer, 1991
and Phifer and Serrato, 2000, the dynamic compaction of ELLT-1 produced on average
5.5 foot craters. Based upon C. T. Main 19893, C. T. Main 1989b, and Phifer, 1991, the
static surcharge of ELLT-1 resulted on average 2.7 feet of subsidence over the northern
two thirds of the trench. It isassumed that dynamic compaction of ELLT-1 could have
achieved the combined results from both the static surcharge and dynamic compaction.

It is assumed that the ELLT-1 interim soil cover consisted of silty sand (SM) with abulk
density of 90 pcf prior to the static surcharge. After the static surcharge the bulk density
of the interim soil cover is assumed to be 110 pcf, and after dynamic compaction the
bulk density is assumed to be 120 pcf. Thisresultsin the consolidation of the interim
soil cover and a decrease in the subsidence potential reduction over the straight addition
of the measured ELLT-1 static surcharge and dynamic compaction results.

It is assumed that tertiary dynamic compaction would produce the same depth craters as
standard dynamic compaction, but it would treat 100 percent of the area rather than the
50 percent treated by standard dynamic compaction.

5.1.5 Interim Soil Cover, Dynamic Compaction (Standard and Tertiary), and Waste Sort

Facility/Super Compactor Facility Subsidence Potential

The subsidence potential for both standard and tertiary dynamic compaction of an Engineered
trench containing supercompacted B-25s (i.e. B-25s processed through the WSF/SCF), which
has received an interim soil cover, has been estimated. As stated previoudly, standard dynamic
compaction results in treating approximately 50% of the surface area under treatment, whereas
tertiary dynamic compaction provides essentially 100% treatment. Standard dynamic
compaction of an Engineered trench containing supercompacted B-25s results in aremaining
9.2-foot subsidence potential, and tertiary dynamic compaction results in aremaining 6.6-foot
subsidence potential. See Appendix A-4 for the detailed assumptions and cal culations.
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See Table 5 for the summary results, which are based upon the following:

The subsidence potentials for dynamic compaction cases that also include processing
through the WSF/SCF are based upon the subsidence potentia of the WSF/SCF case
from which the remaining impacts due to dynamic compaction are simply subtracted.
Theinitial subsidence potential of an Engineered Trench containing B-25 boxes, which
have been processed through the WSF/SCF, and that has received an interim cover is
11.7 feet (see section 5.1.3).

The maximum subsidence potential reduction that can be produced from the dynamic
compaction of astack of supercompacted B-25 boxesis 3.1 feet. Thisis based upon the
assumption that the crushed 55-gallon drums inside a supercompacted B-25 are stacked
to within 6 inches of the box lid, and that dynamic compaction can only eliminate this
void space along with the riser void space. Once these two void spaces are eliminated
the crushed drums within the supercompacted B-25 form columns which prohibit further
dynamic compaction of the box.

The maximum subsidence potential reduction that can be produced from the dynamic
compaction of astack of uncompacted B-25 boxesis 6.4 feet.

An Engineered Trench containing boxes processed through the WSF/SCF contains
approximately 39% supercompacted boxes and 61% uncompacted boxes.

The uncompacted and supercompacted B-25 boxes are randomly placed within the
Engineered Trench.

It is assumed that tertiary dynamic compaction would produce the same depth craters as
standard dynamic compaction, but it would treat 100 percent of the arearather than the
50 percent treated by standard dynamic compaction.

5.1.6 Subsidence Potential Summary

Table 5 presents the rel ative subsidence potential for each case evaluated, and it also provides the
relative subsidence potential reduction produced by each waste/subsidence treatment method
relative to the base subsidence potential. The base subsidence potential is based upon a stack of
four uncompacted B-25 boxes prior to placement of the interim soil cover (see section 5.1.1 and
Figure 4).

The following are the primary observations and conclusions that can be drawn from the results
presented in Table 5:

Simple placement of an interim soil cover over stacked B-25 boxesis estimated to result
in arelative subsidence potential reduction of approximately 10 percent.

The relative subsidence potentia reduction associated with the use of the Waste Sort
Facility / Super Compactor Facility (ISC and WSF/SCF) of approximately 23% is
substantially less than the approximately 31% produced by Standard Dynamic
Compaction (ISC and SDC) or the approximately 52% produced by Tertiary Dynamic
Compaction (ISC and TDC).
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* [SCand TDC at arelative subsidence potential reduction of approximately 52% appears
to be more efficient than the combined use of the WSF/SCF followed by SDC (1SC,
WSHF/SCF, and SDC), which was estimated at approximately 40% percent.

* The greatest relative subsidence potential reduction was estimated at approximately
56 percent for the combined use of the WSF/SCF followed by TDC (1SC, WSF/ SCF,
and TDC). However thisisonly an increase of approximately 4 percent over the use of
ISC and TDC.

It should be noted that these relative subsidence potential estimates do not directly take into
account the subsidence potential due to degradation of the waste materials themselves other than
for B-25 box corrosion. It should also be noted that the dynamic compaction performed to date
at SRS has not been optimized to obtain the most compaction reasonably achievable. Such
optimization could potentially produce additional subsidence potential reduction over that
estimated. Such optimization would need to be based upon both modeling and field studies, and
may of course cost more than the standard and tertiary dynamic compaction methodologies
outlined above. Dynamic compaction optimization could be realized through both the
modification of the dynamic compaction methodology and the timing of dynamic compaction
relative to the corrosion and subsequent strength reduction of B-25 boxes.

5.2 RELATIVE ENGINEERED TRENCH DESIGN AND CONSTRUCTION COST

Therelative cost of Engineered Trench design and construction has been estimated for each
waste/subsidence treatment method. To provide a consistent basis for the relative cost
evaluations, al cost evaluations have been performed on an equivalent waste mass basis. See
Appendix A-5 for the detailed assumptions and cal cul ations associated with the design and
construction costs. See Table 6 for the summary results, which are based upon the following:

* 1.72 B-25 boxes in an Engineered Trench containing only uncompacted B-25s are
equivalent on amass basis to 1 box in an Engineered Trench containing B-25s, which
have been processed through the WSF/SCF.

* Addirect linear relationship is assumed between the design and construction cost and the
number of B-25s to be disposed for each case under consideration.

* An Engineered Trench containing B-25s, which have been processed through the
WSHF/SCF, will be taken as containing 12,000 B-25 boxes stacked four high (Wilhite,
2001d) and will be taken as having a surface area of 97,500 ft* (2.24 acres). The design
and construction costs for this Engineered Trench will be taken to be $1.8 M in year
2001 dollars (Bunker, 2001).

* An Engineered Trench containing B-25s, which have not been processed through the
WSHF/SCF, will be taken as containing 20,640 B-25 boxes stacked four high and will be
taken as having a surface area of 167,700 ft* (3.85 acres).
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Asshownin Table 6, al cases involving processing through the WSF/SCF, result in an estimated
Engineered Trench design and construction cost of 1.8 M, whereas those cases, which do not
involve processing through the WSF/SCF, result in an estimated cost of approximately 3.1 M.
Use of the WSF/SCF results in arelative Engineered Trench design and construction cost
savings of 1.3 M, due to the smaller size of the Engineered Trench required for cases involving
the WSF/SCF.

Table6. Relative Engineered Trench Design and Construction Cost

Relativr(]e Engi neer%d
, i Trench Design an
Treatment Method | Boxea Disposed | COnsruction Cost (s4)
ISC 20,640 31
ISC and WSF/SCF 12,000 1.8
ISC and SDC 20,640 31
ISCand TDC 20,640 31
ISC, WSF/SCF, and SDC 12,000 18
ISC, WSF/SCF, and TDC 12,000 1.8

ISC = Interim Soil Cover; WSF/SCF = Waste Sort Facility / Super Compactor Facility;
SDC = Standard Dynamic Compaction; TDC = Tertiary Dynamic Compaction

5.3 RELATIVE WASTE/SUBSIDENCE TREATMENTS COST

Therelative cost of waste/subsidence treatment has been estimated for each waste/subsidence
treatment method. These costs include the costs of B-25 boxes, the WSF/SCF, and dynamic
compaction as appropriate. To provide a consistent basis for the relative cost evaluations, all
cost evaluations have been performed on an equivalent waste mass basis. See Appendix A-6 for
the detailed assumptions and cal culations associated with the waste/subsidence treatment costs.
See Table 7 for the summary results, which are based upon the following:

» 1.72 B-25 boxes in an Engineered Trench containing only uncompacted B-25sis
equivalent on amass basis to 1 box in an Engineered Trench containing B-25s, which
have been processed through the WSF/SCF.

* An Engineered Trench containing B-25s, which have been processed through the
WSHF/SCF, will be taken as containing 12,000 B-25 boxes stacked four high Wilhite,
2001d) with a surface area of 2.24 acres (97,500 ft?).

* An Engineered Trench containing B-25s, which have not been processed through the
WSF/SCF, will be taken as containi ng 20,640 B-25 boxes stacked four high with a
surface area of 3.85 acres (167,700 ft°).
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It has been estimated by SWD that each B-25 box costs approximately $523 (Bunker,
2001b).

Based upon Table 8, it has been estimated that to supercompact a B-25 box costs
approximately $6,876 (Bunker, 2001a; Williams, 2001a; Williams, 2001b).

The cost of B-25 boxesis not included in the Table 8 WSKF/SCF costs, however the cost
of 55-gallon drumsisincluded (Bunker, 2001c).

An Engineered Trench containing boxes processed through the WSF/SCF contains
approximate 39% supercompacted boxes and 61% uncompacted boxes.

Standard dynamic compaction treats approximately 50% of the treatment surface area
and tertiary dynamic compaction provides essentially 100% treatment.

Based upon past SRS experience (1998) the subcontractor costs for performance of
standard dynamic compaction has been estimated at $100,000 for
mobilization/demobilization plus $200,000 per acre (Phifer and Serrato, 2000).

Since standard dynamic compaction treats only 50% of the area whereas tertiary
dynamic compaction treats 100% of the area and standard dynamic compaction has been
estimated to cost $200,000 per acre, tertiary dynamic compaction has been assumed to
cost $400,000 per acre. Mobilization/demobilization costs has been assumed to remain
at $100,000 for tertiary dynamic compaction. (Phifer and Serrato, 2000).

The following are the primary observations and conclusions associated with the relative
waste/subsidence treatment method costs that can be drawn from the results presented in Table 7:

The relative waste/subsidence treatment cost of the no action case (1SC aone) consists
entirely of the cost of B-25 boxes. It has the lowest relative waste/subsidence treatment
cost at $10.8 M. Itsrelative waste/subsidence treatment cost is $1.9 M less than the least
expensive dynamic compaction case and $28.0 M less than the least expensive
WSF/SCF case.

All waste/subsidence treatments involving processing through the WSF/SCF have
estimated rel ative waste/subsidence treatment costs at or greater than $38.8 M, with the
WSF/SCF accounting for $32.5 M of that and the cost of B-25 boxes making up most, if
not all, of the difference.

All waste/subsidence treatments involving dynamic compaction without processing
through the WSF/SCF have estimated rel ative waste/subsi dence treatment costs no
greater than $14.4 M. The dynamic compaction portion of that only accounts for at most
$3.6 M with the cost of B-25 boxes making up the difference.
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The cost of B-25 boxesis $10.8 M for waste/subsidence treatments that do not involve
processing through the WSF/SCF, and $6.3 M for those that do involve processing
through the WSF/SCF.

Use of dynamic compaction without processing through the WSF/SCF resultsin a
waste/subsidence treatment cost savings of at least $24.4 M over cases involving the use
of WSF/SCF.

The cost of processing through the WSF/SCF accounts for at least 79% of the cost for
waste/subsidence treatments involving it.

The cost of either standard or tertiary dynamic compaction is less than 6% of the total
waste/subsidence treatment cost for waste/subsidence treatments that involve processing
through the WSF/SCF, and less than 25% for waste/subsidence treatments without
processing through the WSF/SCF.

The cost of B-25 boxes aloneis greater than 75% of the cost of waste/subsidence
treatments involving dynamic compaction alone, and is greater than 15% of the cost of
waste/subsidence treatments involving processing through the WSF/SCF.

The cost of WSF/SCF processing and/or the cost of B-25 boxes are the dominant costs
associated with all of the waste/subsidence treatments eval uated.
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Waste Mass Number
Waste/Subsidence Equivalent Super compacted Engineered Trench
Treatment Number of B-25s of B-25s Surface Area (acres)
ISC 20,640 0 3.85
ISC and WSF/SCF 12,000 4,728 2.24
ISC and SDC 20,640 0 3.85
ISC and TDC 20,640 0 3.85
ISC, WSF/SCF, and SDC 12,000 4,728 2.24
ISC, WSF/SCF, and TDC 12,000 4,728 2.24
Dynamic Relative
Waste/Subsidence B-25Box Cost | WSF/SCF | Compaction Waste/Subsidence
Treatment (M) Cost ($M) Cost (M) | Treatment Cost ($M)
ISC 10.8 0 0 10.8
ISC and WSF/SCF 6.3 325 0 38.8
ISC and SDC 10.8 0 1.9 12.7
ISC and TDC 10.8 0 3.6 14.4
ISC, WSF/SCF, and SDC 6.3 325 1.2 40.0
ISC, WSF/SCF, and TDC 6.3 325 2.2 41.0
Table8. Cost per Supercompacted B-25 Box
Parameter FYol FYO02 FYO03 FYO04 Total
Estimated Number of 772 643 649 449 2513
Supercompacted B-25s
WSF ($) 2,610,000 | 2,610,000 | 2,610,000 | 2,610,000 | 10,440,000
SCF ($) 1,710,000 | 1,710,000 | 1,710,000 | 1,710,000 6,840,000
Tota ($) 4,320,000 | 4,320,000 | 4,320,000 | 4,320,000 | 17,280,000

WSF = Waste Sort Facility; SCF = Super Compactor Facility
(Bunker, 2001&; Williams, 2001a; Williams, 2001b)
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5.4 RELATIVE CLOSURE CAP COST

Therelative cost of aclosure cap has been estimated for each waste/subsidence treatment
method. To provide a consistent basis for the relative cost evaluations, all cost evaluations have
been performed on an equivalent waste mass basis. See Appendix A-7 for the detailed
assumptions and cal cul ations associated with the waste/subsidence treatment costs. See Table 9
for the summary results, which are based upon the following:

* Itisassumed that the closure cap over the Engineered Trench will consist of ahigh
density polyethylene (HDPE), flexible membrane liner (FML) over a geosynthetic clay
liner (GCL) over aclayey sand foundation layer per Figure 2.

* A 2.61-acre closure cap will be required to cover a 2.24-acre Engineered Trench
containing B-25s, which have been processed through the WSF/SCF.

» A 4.28-acre closure cap will be required to cover a 3.85-acre Engineered Trench
containing B-25s, which have not been processed through the WSF/SCF.

» Itisassumed that the cost of the FML/GCL closure caps can be determined from the
estimated closure cap construction costs provided in Table 2 for a2 and 5 acre cap
(Bhutani, et a., 1993).

» A direct linear relationship is assumed between cost and the acreage of the closure cap.

As can seen from Table 9, a 2.24-acre closure cap at arelative cost of $1.5 M isrequired for al
cases involving processing through the WSF/SCF. Whereas, a 4.28-acre closure cap at arelative
cost of $2.4 M is required where the WSF/SCF is not utilized. Use of the WSF/SCF resultsin a
relative closure cap cost savings of $0.9 M, due to the smaller size of the Engineered Trench
required for cases involving the WSF/SCF.

Table9. Relative Closure Cap Cost

Engineered Trench | ClosureCap | Relative FML/GCL
Waste/Subsidence Surface Area Surface Area | Closure Cap Cost

Treatment (acres) (acres) (M)

ISC 3.85 4.28 2.4

ISC and WSF/SCF 2.24 2.61 15
ISC and SDC 3.85 4.28 2.4

ISC and TDC 3.85 4.28 2.4

ISC, WSF/SCF, and SDC 2.24 2.61 15
ISC, WSF/SCF, and TDC 2.24 2.61 15

ISC = Interim Soil Cover; WSF/SCF = Waste Sort Facility / Super Compactor Facility;
SDC = Standard Dynamic Compaction; TDC = Tertiary Dynamic Compaction
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5.5 TOTAL RELATIVE CL OSURE COST SUMMARY

Table 10 provides the total relative closure costs, which consist of the following as stated
previously (see Appendix A-11 for the detailed calculations):

Relative Engineered Trench Design and Construction Cost

Relative waste/subsidence treatment cost (i.e. B-25 box, WSF/SCF, and dynamic
compaction costs)

Relative closure cap cost

The following are the primary observations and conclusions associated with the total relative
closure costs that can be drawn from the results presented in Table 10:

Use of the WSF/SCF results in arelative Engineered Trench design and construction
cost savings of $1.3 M over cases not involving its use.

The no action case (I1SC aone) has the lowest relative closure cost at $16.3 M. Its
relative closure cost is $1.9 M less than the least expensive dynamic compaction case
and $25.8 M less than the |east expensive WSF/SCF case.

Use of dynamic compaction without processing through the WSF/SCF resultsin a
waste/subsidence treatment cost savings of at least $24.4 M over cases involving the use
of WSF/SCF.

Use of the WSF/SCF resultsin arelative closure cap cost savings of $0.9 M over cases
not involving its use.

Use of dynamic compaction without processing through the WSF/SCF results in atotal
relative closure cost savings of at least $22.2 M over cases involving the use of
WSF/SCF.

Table10. Total Relative Closure Costs

Relative Relative

Engineered Waste/ Relative Total

Trench Design Subsidence | FML/GCL Relative

Waste/Subsidence and Construction | Treatment | ClosureCap | Closure

Treatment Method Cost ($M) Cost ($M) Cost (M) | Cost (M)
ISC 31 10.8 2.4 16.3
ISC and WSF/SCF 18 38.8 15 421
ISC and SDC 31 12.7 24 18.2
ISCand TDC 31 14.4 24 19.9
ISC, WSF/SCF, and SDC 18 40.0 15 43.3
ISC, WSF/SCF, and TDC 1.8 41.0 1.5 44.2

ISC = Interim Soil Cover; WSF/SCF = Waste Sort Facility / Super Compactor Facility;
SDC = Standard Dynamic Compaction; TDC = Tertiary Dynamic Compaction
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To provide an evaluation of the closure cost effectiveness of each waste/subsidence treatment

method relative to the subsidence potential reduction it produces, the total relative closure cost

per percent relative subsidence potential reduction has been calculated for each method. This

ratio essentially provides a way to measure “your bang for your buck” relative to subsidence
potential reduction. The calculation summary results are provided in Table 11. (See Appendix
A-11 for the detailed calculations.) Overall, from a total relative closure cost and relative
subsidence potential reduction perspective, the use of tertiary dynamic compaction alone appears
to be the most cost-efficient method evaluated versus closure costs and subsidence potential

reduction.

Table11l. Total Relative Closure Cost per Relative Subsidence Potential Reduction

Relative Closure Cost per
Waste/Subsidence Treatment| Total Relative Subsidence Subsidence
Method Closure Cost ($M) Potential Potential Reduction
Reduction (%) (M /%)
ISC 16.3 9.9 1.6

ISC and WSF/SCF 42.1 22.6 1.9

ISC and SDC 18.2 31.2 0.6

ISC and TDC 19.9 52.4 0.4
ISC, WSF/SCF, and SDC 43.3 395 1.1
ISC, WSF/SCF, and TDC 442 56.3 0.8

ISC = Interim Soil Cover; WSF/SCF = Waste Sort Facility / Super Compactor Facility;
SDC = Standard Dynamic Compaction; TDC = Tertiary Dynamic Compaction

5.6 RELATIVE CLOSURE CAP SUBSIDENCE REPAIR COST

The following two methods of closure cap subsidence repair have been evaluated to provide a
range of anticipated relative closure cap subsidence repair costs:

* The traditional method consists of closure cap repair immediately after each subsidence
event occurs, during the estimated duration of subsidence.

» The cap replacement method consists of the following two actions during the estimated
duration of subsidence:

- Subsidence holes will be filled in with soil to maintain the grade and promote runoff
soon after each subsidence event occurs.

- The entire cap will be replaced periodically during the duration of subsidence at a
frequency based upon the relative subsidence potential associated with each case.
The old cap will not be removed, but a new cap will be placed directly on top of the
old liner after removing overlying materials.
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The closure cap subsidence repair costs are dependent upon the anticipated duration of
subsidence. Based upon the following items a period of B-25 box structural collapse (i.e. a
subsidence period) has been assumed for both the cases involving and not involving dynamic
compaction:

» Dynamic compaction can result in the breakage of the protective coating bond away
from the metal resulting in the increased potential for corrosion (McMullin and Dendler,
1994).

* Preliminary results from the exhumation of the B-25 box on May 3, 2001, indicated that
very little corrosion of the box occurred over an eight year buria period (Jones, et al.,
2001).

Based upon these observations, the period of B-25 box structural collapse (i.e. a subsidence
period) has been assumed to be from 200 to 300 years after burial for B-25s that are not
dynamically compacted. It has been assumed to be from 100 to 150 years after burial and
dynamic compaction for B-25s that are dynamically compacted.

Depending upon the method of closure cap subsidence repair utilized, the costs are also assumed
to be dependent upon the relative subsidence potential and either the Engineered Trench surface
area or the closure cap surface area. Table 12 provides all of these parameters which are
assumed to impact the long-term subsidence of the closure cap and subsequently the closure cap
subsidence repair costs.

Table12. Long-term Subsidence Parameters

Relative Engineered
Subsidence | Subsidence Trench Closure Cap
Waste/Subsidence Period Potential Surface Area | Surface Area
Treatment (years) (ft) (ft?) (acres)

ISC 200 to 300 13.6 167,700 4.28
ISC and WSF/SCF 200 to 300 11.7 97,500 2.61
ISC and SDC 100 to 150 104 167,700 4.28
ISCand TDC 100 to 150 7.2 167,700 4.28
ISC, WSF/SCF, and SDC 100 to 150 9.2 97,500 2.61
ISC, WSF/SCF, and TDC | 100 to 150 6.6 97,500 2.61

ISC = Interim Soil Cover; WSF/SCF = Waste Sort Facility / Super Compactor Facility;

SDC = Standard Dynamic Compaction; TDC = Tertiary Dynamic Compaction
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5.6.1 Relative Closure Cap Subsidence Repair Cost — Traditional Method

The traditional method of closure cap subsidence repair is based on the typical requirements
associated with RCRA/CERCLA closure caps, and is therefore considered the current closure
cap repair baseline. This method consists of closure cap repair soon after each subsidence event
occurs, during the anticipated duration of subsidence. The relative cost of a closure cap
subsidence repair utilizing the traditional method has been estimated for each waste/subsidence
treatment method. These estimated costs are assumed to represent the upper range of probable
closure cap, subsidence repair costs. To provide a consistent basis for the relative cost
evaluations, al cost evaluations have been performed on an equivalent waste mass basis. See
Appendix A-8 for the detailed assumptions and cal cul ations associated with the traditional,
closure cap, subsidence repair costs. See Table 13 for the summary results, which are based
upon the following:

* Itisassumed that the Table 12 parameters impact the long-term subsidence of the
closure cap and subsequently the closure cap subsidence repair costs.

» Itisassumed that the closure cap over the Engineered Trench will consist of ahigh
density polyethylene (HDPE), flexible membrane liner (FML) over a geosynthetic clay
liner (GCL) over aclayey sand foundation layer.

» Itisassumed that subsidence will occur over the entire surface area of the closure cap,
which is directly over the Engineered Trench, over the subsidence period (Table 12).

* Itisassumed that the number of repair events per areawill be proportional to the
subsidence potential (Table 12). It isfurther assumed that every four feet of subsidence
will produce a condition requiring repair. Therefore, the number of repair eventsis
assumed to equal the estimated relative subsidence potentia divided by four feet. Itis
assumed that fractions of 4 feet will also require repair due to the extended nature of the
subsidence periods.

A repair cost of $266/ft* for a FML/GCL closure cap will be assumed based upon the
repair cost for aFML/GCL closure cap estimated by Bhutani, et al., in 1993.

The following are the primary observations and conclusions associated with the traditional,
closure cap, subsidence repair costs that can be drawn from the results presented in Table 13:

* Theno action case (ISC alone) resultsin by far the greatest long-term closure cap
subsidence repair cost at $149.9 M, due to the large inherent subsidence potential
resulting from the use B-25 boxes.

» Thelong-term closure cap subsidence repair costs associated with the use of only
WSF/SCF and only TDC are essentially the same at between $75 M and $80 M. Using
only WSF/SCF resultsin asmaller areathat must be repaired but in a greater number of
repair events than with the use of only TDC.
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* Theuse of TDC rather than SDC resultsin lower long-term closure cap, subsidence
repair costs due to the greater efficiency of TDC to reduce subsidence potential over
SDC.

» Thecasethat utilizes both WSF/SCF and TDC results in the lowest long-term closure
cap subsidence repair cost at $41.5 M. Thiscost islowest since the use of WSF/SCF
results in a smaller Engineered Trench Surface Area, and the combined use of WSF/SCF
and TDC results in the smallest subsidence potential and lowest resulting number of
repair events.

Table13. Relative Closure Cap Subsidence Repair Cost — Traditional Method

Relative Closure Cap
Engineered Number of Subsidence Repair
Waste/Subsidence Trench Surface Repair Cost - Traditional
Treatment Area (ft?) Events Method * ($M)

ISC 167,700 34 151.7
ISC and WSF/SCF 97,500 2.9 75.2
ISC and SDC 167,700 2.6 116.0
ISC and TDC 167,700 1.8 80.3
ISC, WSF/SCF, and SDC 97,500 2.3 59.7
ISC, WSF/SCF, and TDC 97,500 1.6 41.5

ISC = Interim Soil Cover; WSF/SCF = Waste Sort Facility / Super Compactor Facility;
SDC = Standard Dynamic Compaction; TDC = Tertiary Dynamic Compaction
! Repair Cost = $266/ ft* x Number of Repair Events x Surface Area (ft?)

5.6.2Relative Closure Cap Subsidence Repair Cost — Cap Replacement Method

The cap replacement method consists of filling subsidence holes with soil to maintain the grade
and promote runoff as they occur and of replacing the entire closure cap periodically during the
duration of subsidence at a frequency based upon the relative subsidence potential associated
with each case. The old cap will not be removed, but a new cap will be placed directly on top of
the old liner after removing overlying materials. This method of cap repair is not standard
practice and is therefore considered innovative and requiring further development prior to
implementation. The relative cost of closure cap subsidence repair utilizing the cap replacement
method has been estimated for each waste/subsidence treatment method. To provide a consistent
basis for the relative cost evaluations, all cost evaluations have been performed on an equivalent
waste mass basis. See Appendix A-9 for the detailed assumptions and cal cul ations associated
with the cap replacement, subsidence repair costs. See Table 14 for the summary results, which
are based upon the following:

* Itisassumed that the Table 12parameters impact the long-term subsidence of the closure
cap and subsequently the closure cap subsidence repair costs.
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» Itisassumed that the closure cap over the Engineered Trench will consist of a high
density polyethylene (HDPE), flexible membrane liner (FML) over a geosynthetic clay
liner (GCL) over aclayey sand foundation layer.

» Itisassumed that subsidence will occur over the entire surface area of the closure cap,
which is directly over the Engineered Trench, over the subsidence period, but that the
entire cap including the overhang will be replaced.

» For B-25sthat are not dynamically compacted, the duration of subsidence has been
assumed to last 100 years, and for B-25s that are dynamically compacted, the duration of
subsidence has been assumed to last 50 years (see section 5.6 and Table 12).

* Itisassumed that the cap replacement frequency variesinversely with relative
subsidence potential. The cap replacement frequency for the case with the least
subsidence potential (i.e. ISC, WSF/SCF, and TDC) has been assumed to be 10 years.
All other cap replacement frequencies have been proportioned based upon this case.
Partial caps are estimated at the end of the subsidence duration for consistency with the
traditional cap repair method.

» Based upon section 5.4, a closure cap over an Engineered Trench that contains B-25s,
which have been processed through the WSF/SCF, costs $1.5 M.

» Based upon section 5.4, a closure cap over an Engineered Trench that contains B-25s,
which have not been processed through the WSF/SCF, costs $2.4 M.

The following are the primary observations and conclusions associated with the cap replacement
subsidence repair costs that can be drawn from the results presented in Table 14:

» Theno action case (ISC alone) resultsin by far the greatest long-term closure cap
subsidence repair cost at $49.8 M due to the large inherent subsidence potentia resulting
from the use of B-25 boxes.

» Thelong-term closure cap subsidence repair costs associated with the use of only
WSF/SCF is approximately $26.2 M, which is more than twice the cost of $12.9 M
associated with the TDC case.

* Theuse of TDC rather than SDC resultsin lower long-term closure cap, subsidence
repair costs due to the greater efficiency of TDC to reduce subsidence potential over
SDC.

» Thecasethat utilizes both WSF/SCF and TDC results in the lowest long-term closure
cap subsidence repair cost at $7.4 M. This cost islowest since the use of WSF/ SCF
results in a smaller Engineered Trench surface area, and the combined use of WSF/SCF
and TDC resultsin the least subsidence potential and therefore the greatest duration
between cap replacements and the fewest number of replacement caps.
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Table14. Relative Closure Cap Subsidence Repair Cost — Cap Replacement Method

Relative Cap
Subsidence
Waste/ Cap Repair Cost -
Subsidence | Duration of | Replacement| Number of Cost per Cap
Treatment | Subsidence| Frequency | Replacement| Replacement| Replacement
(years) (years) Caps' Cap (3M) | Method 2 ($M)
ISC 100 4.8 20.8 24 49.8
ISC and 100 5.6 17.8 15 26.2
WSF/SCF
ISC and SDC 50 6.3 79 24 18.9
ISC and TDC 50 9.2 5.4 2.4 12.9
ISC, 50 7.2 6.9 1.5 10.1
WSF/SCF,
and SDC
I1SC, 50 10 5 15 7.4
WSF/SCF,
and TDC

ISC = Interim Soil Cover; WSF/SCF = Waste Sort Facility / Super Compactor Facility;

SDC = Standard Dynamic Compaction; TDC = Tertiary Dynamic Compaction

1 Number of Replacement Caps = Duration of Subsidence (years) + Cap Replacement
Frequency (years)

2 Repair Cost = Number of Replacement Caps x Cost per Replacement Cap

5.6.3Relative Closure Cap Subsidence Repair Cost Summary

The cap subsidence repair costs from both the traditional method (probable upper range of cost)
and the cap replacement method (probable lower range of cost) are presented in Table 15. These
costs are assumed to represent the range of probable, closure cap subsidence, repair costs based
upon the Engineered Trench closure and long-term maintenance strategy outlined in Section 5.0,
which includes the use of B-25 boxes for disposal.

The traditional method of closure cap subsidence repair is based on the typical requirements
associated with RCRA/CERCLA closure caps. This method consists of closure cap repair soon
after the occurrence of each subsidence event, during the anticipated duration of subsidence. The
costs associated with this method are assumed to represent the probable upper range of cap
subsidence repair costs, and this method is the current closure cap repair baseline.

The cap replacement method consists of filling subsidence holes with soil to maintain the grade
and promote runoff as they occur and of replacing the entire closure cap periodically during the
duration of subsidence at a frequency based upon the rel ative subsidence potential associated
with each case. The old cap will not be removed, but a new cap will be placed directly on top of
the old liner after removing overlying materials. The cap replacement method is based on an
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alternate concept to that traditionally utilized for RCRA/CERCLA closure caps and is therefore
not considered to be standard practice, but it is considered innovative requiring further
development prior to implementation. However it is utilized to represent the probable lower
range of cap subsidence repair costs.

As can be seen in Table 15,the closure cap repair costs span a wide range of possible costs

(i.e. by afactor of 2.9 to 6.2) depending upon the subsidence repair strategy evaluated. These
comparisons between the two repair methods evaluated indicate that the subsidence repair
strategy requires further consideration in order to produce the most technically effective and cost
efficient strategy for implementation.

Additionally, as can be seen in Table 15, the waste/subsidence treatment method evaluated has a
tremendous impact upon the closure cap, subsidence repair costs. For the traditional method
thereisafactor of 3.6 between the lowest and highest cost waste/subsidence treatment method.
For the cap replacement method there is a factor of 6.6 between the lowest and highest cost
waste/subsidence treatment method. Again, thisindicates that the waste/subsidence treatment
strategy requires further consideration and additional waste/subsidence treatments may need to
be included in the evaluation in order to produce the most technically effective and cost efficient
strategy for implementation.

Table15. Relative Closure Cap Subsidence Repair Cost Summary

Relative Cap Traditional
Relative Cap Subsidence Repair Method / Cap
Subsidence Repair Cost - Cap Replacement
Waste/Subsidence Cost - Traditional Replacement Method Cost
Treatment Method ($M) Method ($M) Ratio
ISC 151.7 49.8 3.0
ISC and WSF/SCF 75.2 26.2 2.9
ISC and SDC 116.0 18.9 6.1
ISC and TDC 80.3 129 6.2
ISC, WSF/SCF, and 59.7 10.1 59
SDC
ISC, WSF/SCF, and 41.5 7.4 5.6
TDC

ISC = Interim Soil Cover; WSF/SCF = Waste Sort Facility / Super Compactor Facility;
SDC = Standard Dynamic Compaction; TDC = Tertiary Dynamic Compaction

Page 41 of 192



WSRC-RP-2001-00613
5.7 RELATIVE CUMULAT IVE OPERATING AND MAINTENANCE COST

The relative cumulative operating and maintenance (O& M) cost has been estimated for each
waste/subsidence treatment method. To provide a consistent basis for the relative cost
evaluations, al cost evaluations have been performed on an equivalent waste mass basis. See
Appendix A-10 for the detailed assumptions and cal culations associated with the cumulative
O&M costs. See Table 16 for the summary results, which are based upon the following:

* Itisassumed that the yearly O&M costs consist of the Table 3 monthly inspections, an
annual subsidence survey, and vegetative cover maintenance (Bhutani, et al., 1993).

» A direct linear relationship is assumed between cost and the acreage of the closure cap.

» Based upon the Table 3 values, the yearly O&M cost for a 2.61-acre Engineered Trench
containing B-25s, which have been processed through the WSF/SCF is $9,765 in year
2001 dollars.

» Based upon the Table 3 values, the yearly O&M cost for an 4.28-acre Engineered
Trench containing B-25s, which have not been processed through the WSF/SCF is
$11,528 in year 2001 dollars.

* Itisassumed that the subsidence period for the non-dynamically compacted casesis 300
years, and for dynamically compacted cases 150 years.

* Itisassumed that the relative cumulative O& M cost consists of the yearly O& M cost
performed over the entire period of subsidence (Table 12).

The following are the primary observations and conclusions associated with the relative
cumulative O&M costs that can be drawn from the results presented in Table 16:

» Theno action case (ISC alone) resultsin by far the greatest long-term cumulative O& M
cost at $3.4 M due to having both the largest closure cap area and the longest subsidence
period.

* Thelong-term cumulative O&M cost associated with the use of only WSF/SCF is
approximately $2.9 M, which is not quite twice the cost of $1.7 M associated with both
the dynamic compaction cases.

* The casesthat utilize both WSF/SCF and dynamic compaction result in the lowest long-
term cumulative O&M cost at $1.5 M. This cost islowest since the combined use of
WSHF/SCF and TDC results in both the smallest closure cap area and shortest subsidence
period.
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Table16. Relative Cumulative O& M Cost

Closure Cap Subsidence Relative
Waste/Subsidence Surface Area | Yearly O& M Period Cumulative O& M
Treatment (acres) Cost ($/year) | (years) Cost ' ($M)
ISC 4.28 11,528 300 35
ISC and WSF/SCF 2.61 9,765 300 2.9
ISC and SDC 4.28 11,528 150 1.7
ISC and TDC 4.28 11,528 150 1.7
ISC, WSF/SCF, and 2.61 9,765 150 15
SDC
ISC, WSF/SCF, and 2.61 9,765 150 15
TDC

ISC = Interim Soil Cover; WSF/SCF = Waste Sort Facility / Super Compactor Facility;
SDC = Standard Dynamic Compaction; TDC = Tertiary Dynamic Compaction
! Relative Cumulative O&M Cost = Yearly O&M Cost ($/year) x Subsidence Period (years)

5.8 TOTAL RELATIVELONG-TERM MAINTENANCE COST

Table 17 provides the estimated total relative long-term maintenance range of costs, which
consist of the following as stated previously. (See Appendix A-11 for the detailed calculations.)

» Relative closure cap subsidence repair cost (traditional and cap replacement methods)

» Relative cumulative operating and maintenance (O& M) cost

The following are the primary observations and conclusions associated with the total relative
long-term maintenance range of costs that can be drawn from the results presented in Table 17:

» Thetota relative long-term subsidence maintenance cost ranges from $8.8 M to
$155.1 M depending upon the closure cap subsidence repair method and waste/
subsidence treatment method evaluated. The dominant cost associated with the total
relative long-term maintenance cost is due to the relative cap, subsidence repair costs,
which range from $7.4 M to $151.7 M. The estimated cumulative relative O&M cost
only ranges from $1.5 M to $3.5 M.

* Theno action case (ISC alone) results in by far the greatest long-term maintenance cost
ranging from $53.3 M to $155.1 M due to the large inherent subsidence potential
resulting from the use of B-25 boxes, which receive no type of compaction.

* Thelong-term maintenance cost associated with the use of only WSF/SCF ranges from
$29.1 M to $78.1 M.
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The use of TDC rather than SDC results in lower long-term closure cap, subsidence
repair costs due to the greater efficiency of TDC to reduce subsidence potential over
SDC. Therefore TDC use over SDC useis preferred to reduce the long-term

mai ntenance costs.

The long-term maintenance cost associated with the use of only TDC ranges from
$14.7 M to $82.0 M.

A comparison of the TDC only and WSF/SCF only cases, indicate that the case with the
lowest long-term maintenance cost depends upon which closure cap subsidence repair
method is utilized. The TDC only long-term maintenance cost is less than half the cost
of WSF/SCF only, if the cap replacement subsidence repair method is utilized. However

if the traditional subsidence repair method is utilized, WSF/SCF only is dlightly less
expensive than TDC only. The traditional method is the current closure cap repair
baseline, while the cap replacement method represents and innovative approach
requiring further development prior to implementation. Again this indicates that the
subsidence repair strategy requires further consideration in order to produce the most
technically effective and cost efficient strategy for implementation, since it constitutes
the predominate cost of long-term maintenance.

* The casethat utilizes both WSF/SCF and TDC resultsin the lowest long-term
maintenance cost, which ranges from $8.8 M to $43.0 M. This cost islowest since the
use of WSF/SCF resultsin a smaller Engineered Trench surface area, and the combined
use of WSF/SCF and TDC resultsin the smallest subsidence potential.

* B-25box utilization results in alarge estimated subsidence potential regardless of the
waste/subsidence treatment utilized and in an assumed 150 to 300 years prior to
stabilization, which resultsin the large long-term maintenance costs.

» All of the waste/subsidence treatments are simply efforts that try to reduce the
subsidence impacts created by the use of B-25 boxes. However, none of the
waste/subsidence treatments fully eliminates the subsidence impacts of B-25 boxes, as
evidenced by the long-term maintenance costs.

Tablel17. Total Relative Long-term Maintenance Cost

Relative Cap Relative Cap Total Relative
Subsidence Subsidence Relative Long-term
Repair Cost—| Repair Cost - Cumulative | Maintenance
Waste/Subsidence Traditional | Cap Replacement O&M Cost Cost Range
Treatment Method Method ($M) Method ($M) (M) (M)
ISC 151.7 49.3 35 53.3t0 155.1
ISC and WSF/SCF 75.2 26.2 2.9 29.1t078.1
ISC and SDC 116.0 18.5 1.7 20.7t0 117.7
ISC and TDC 80.3 12.8 1.7 14.7t0 82.0
ISC, WSF/SCF, and SDC 59.7 10.1 1.5 116to61.1
ISC, WSF/SCF, and TDC 41.5 7.4 15 8.81043.0

ISC = Interim Soil Cover; WSF/SCF = Waste Sort Facility / Super Compactor Facility;
SDC = Standard Dynamic Compaction; TDC = Tertiary Dynamic Compaction
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To provide an evaluation of each waste/subsidence treatment method’s long-term maintenance
cost effectiveness relative to the subsidence potential reduction it produces, the range of total
relative long-term maintenance cost per percent relative subsidence potential reduction has been
calculated for each method. This ratio essentially provides a way to measure “your bang for
your buck” relative to subsidence potential reduction. The calculation summary results are
provided in Table 18. (See Appendix A-11 for the detailed calculations.)

The following are the primary observations and conclusions that can be drawn from the results
presented in Table 18:

* The no action case (ISC alone) results in by far the greatest total relative long-term
maintenance cost per relative subsidence potential reduction ranging from 5.3 to 15.5
$M/%. Again this is due to the large inherent subsidence potential resulting from the use
of B-25 boxes, which receive no type of compaction.

* The total relative long-term maintenance cost per relative subsidence potential reduction
associated with the use of only WSF/SCF ranges from 1.3 to 3.5 $M/%, which is more
than twice the range of the TDC case, which ranges from 0.3 to 1.5 $M/%.

* The TDC only and WSF/SCF with dynamic compaction cases have values of the total
relative long-term maintenance cost per relative subsidence potential reduction that are
within a fairly narrow range of either from 0.2 to 0.3 $M/% (cap replacement method) or
0.8 to 1.6 $M/% (traditional method). The range depends upon which closure cap
subsidence repair method is considered. The ISC, WSF/SCF, and TDC case has the
lowest value of all.

Table18. Total Relative Long-term Maintenance Cost per Relative Subsidence Potential

Reduction
Long-term

Total Relative Relative M aintenance Cost

Waste/Subsidence Long-term Subsidence per Subsidence
Treatment Method M aintenance Cost Potential Potential Reduction

Range ($M) Reduction (%) (SM/%)

ISC 52.7 to 153.3 9.9 5.3t0 15.5
ISC and WSF/SCF 29.1t0 78.1 22.5 1.3t0 3.5
ISC and SDC 20.2to 116.4 319 0.6to0 3.6

ISC and TDC 145t081.1 525 0.3to 1.5
ISC, WSF/SCF, and SDC 11.6to 61.1 39.4 0.3to 1.6
ISC, WSF/SCF, and TDC 8.8t043.0 56.3 0.2t0 0.8

ISC = Interim Soil Cover; WSF/SCF = Waste Sort Facility / Super Compactor Facility;
SDC = Standard Dynamic Compaction; TDC = Tertiary Dynamic Compaction
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6.0 SUMMARY AND CONCLUSIONS

Six waste/subsidence treatment methods have been evaluated on an equivalent waste mass basis
In order to provide a consistent basis for relative subsidence potential reduction and cost
evaluations. The cost evaluations have included both relative closure and long-term maintenance
costs. The six waste/subsidence treatment methods include an essentially no action case

(i.e. emplacement of an interim soil cover alone), a Waste Sort Facility / Super Compactor
Facility (WSF/SCF) processing case, two dynamic compaction cases, and two cases involving
both WSF/SCF processing and dynamic compaction.

Table 19 and Figure 5 provide a summary of the subsidence potential and subsidence potential
reduction for each waste/subsidence treatment method evaluated. Table 20 and Figures 5 and 6
provide a cost summary for each waste/subsidence treatment method. The Figure 5 cost
summary involves traditional subsidence repair (probable upper range of cost), whereas Figure 6
involves cap replacement subsidence repair (probable lower range of cost).

Table 21 and Figures 7 and 8 provide the cost per subsidence reduction summary for each
waste/subsidence treatment method. The Figure 7 cost per subsidence reduction summary
involves traditional subsidence repair, whereas Figure 8 involves cap replacement subsidence
repair. Table 22 and Figure 9 provide the total cost per cubic meter of waste received for
Engineered Trench Disposal (i.e. volume prior to any waste/subsidence treatment). Figures 10
and 11 provide a cost timeline for the two most technically effective and cost efficient
waste/subsidence treatment methods evaluated. The Figure 10 timeline involves traditional
subsidence repair, whereas Figure 11 involves cap replacement subsidence repair.

Appendix A provides the detailed assumptions and cal culations associated with the summary
information presented within the tables and figures.

Following are the primary conclusions that can be drawn from the Table 19 and Figure 5 data
relative to subsidence potential and subsidence potential reduction:

» Thedisposal of uncompacted B-25 boxes stacked four high, which contain waste at a
relatively low-density, resultsin an estimated base subsidence potential of 15.1 feet out
of atotal stacked height of 17.3 feet. Thisisa very significant subsidence potential,
resulting directly from the use of B-25 boxes for the disposal of low-density waste.

» Only placing an interim soil cover (1SC) over the B-25 boxes in the Engineered Trench
Is considered the no action case. 1SC aone reduces the subsidence potential to 13.6 feet,
which is an approximately 10 percent reduction over the base subsidence potential. This
still represents a very significant subsidence potential. Therefore ,on a subsidence
potential reduction basis, the no action case (1SC alone) is not preferred.

* Use of the Waste Sort Facility/Super Compactor Facility (WSF/SCF) alone (i.e. ISC and
WSF/SCF) reduces the subsidence potential to 11.7 feet, which is an approximately
23 percent reduction over the base subsidence potential. Again this still represents a
very significant subsidence potential and the reduction in subsidence potential produced
by use of WSF/SCF alone is the lowest produced by any of the active waste/subsidence
treatment methods. Therefore, on a subsidence potential reduction basis, the WSF/SCF
alone case is not preferred.
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» Each case which includes tertiary dynamic compaction (TDC) results in a greater
subsidence potential reduction for stacked B-25 boxes in the Engineered Trench than the
associated case which includes standard dynamic compaction (SDC). Therefore ,on a
subsidence potential reduction basis, the TDC case s preferred over the associated SDC
case.

e Only the TDC and WSF/SCF and TDC waste/subsi dence treatments reduce the
subsidence potential by more than 50 percent. TDC aone (I1SC and TDC) reduces the
subsidence potential to 7.2 feet, which is an approximately 52 percent reduction over the
base subsidence potential. The WSF/ SCF and TDC combination reduces the subsidence
potential to 6.6 feet, which is an approximately 56 percent reduction over the base
subsidence potential. The combined use of WSF/SCF and TDC only resultsin an
additional subsidence potential reduction of 4 percent (seven inches) over that of TDC
aone. Therefore, the addition of the WSF/SCF to TDC does not appear to be very
effective in providing additional subsidence potential reduction.

* B-25box utilization resultsin alarge estimated subsidence potential (i.e. from 6.6 to
13.6 feet) regardless of the waste/subsidence treatment utilized and resultsin an
extended period, assumed in this study to be 150 to 300 years, prior to Engineered
Trench stabilization.
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Relative
Engineered Relative Subsidence
Waste/Subsidence Trench Subsidence Potential Subsidence
Treatment Method Surface Potential (ft) Reduction Period
Area (acres) (%) (years)
Base Subsidence Potential - 151 0 -
ISC 3.85 13.6 9.9 200 to 300
ISC and WSF/SCF 2.24 11.7 22.6 200 to 300
ISC and SDC 3.85 10.4 31.2 100 to 150
ISCand TDC 3.85 7.2 52.4 100 to 150
ISC, WSF/SCF, and SDC 2.24 9.2 39.5 100 to 150
ISC, WSF/SCF, and TDC 2.24 6.6 56.3 100 to 150

ISC = Interim Soil Cover; WSF/SCF = Waste Sort Facility / Super Compactor Facility;

SDC =

Standard Dynamic Compaction; TDC = Tertiary Dynamic Compaction

The following are the primary conclusions that can be drawn from the Table 20 and Figure 6 and
Figure 7 datarelative to the cost of the various waste/subsidence treatments:

The no action case (ISC alone) results in the lowest total closure cost by a slight amount
but the greatest subsidence repair cost by asignificant margin over al other cases. This
resultsin its having the greatest total cost with the use of traditional subsidence repair
and the next to greatest total cost with the use of cap replacement subsidence repair.
These high costs are due to the large inherent subsidence potentia resulting from the use
of B-25 boxes, which receive no type of compaction. Therefore, on a cost basis, the no
action case (ISC aone) is not preferred.

Use of the WSF/SCF alone is the most costly case with the use of cap replacement
subsidence repair and the third most costly case with the use of traditional subsidence
repair. These high costs are due to the inability of the WSF/SCF as currently operated to
significantly reduce the subsidence potential associated with disposal of stacked B-25
boxes in the Engineered Trench. Therefore, on a cost basis, the WSF/SCF alone case
(ISC and WSF/SCF) is not preferred.

Each case, which includes TDC, results in lower subsidence repair cost and subsequently
lower total cost than the associated case which includes SDC. Thisis dueto the greater
efficiency of TDC, rather than SDC, to reduce the subsidence potential of stacked B-25
boxes in the Engineered Trench. Therefore, on a cost basis, the TDC caseis preferred
over the associated SDC case.
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Based on a cost basis as outlined above, only two cases of those under evaluation remain
which are potentially viable. Those are TDC aone or the combination of WSF/SCF and
TDC. While TDC aone has asignificantly lower total relative closure cost than
WSF/SCF and TDC, the WSF/SCF and TDC case has alower subsidence repair cost.
The WSF/SCF and TDC case has the lower subsidence repair cost, sinceit resultsin a
dightly greater reduction in subsidence potential and it uses less Engineered Trench
space. The case, however, which has the lower total cost, depends upon the subsidence
repair method. If the traditional subsidence repair method is utilized, the WSF/SCF and
TDC case costs less, however if the cap replacement method is utilized, the TDC aone
case costs less.

The costs of the Engineered Trench, the dynamic compaction, where implemented, the
closure cap, and the cumulative O& M are all within the fairly narrow range of $1.2 M to
$3.6 M, and contribute little to the total relative costs.

The primary costs are associated with the B-25 boxes, the WSF/SCF, and subsidence
repair. The B-25 box costs range from $6.3 M to $10.8 M depending upon the
waste/subsidence treatment method. The WSF/SCF costs $32.5 M, where implemented.
The subsidence repair costs range from $7.4 M to $151.7 M depending upon both the
waste/subsidence treatment method and the subsidence repair method. The B-25 box
costs are aways lowest relative to the other two. The WSF/SCF costs, where
implemented, are greater than the subsidence repair costs when the cap replacement
subsidence repair method is utilized. The subsidence repair costs are greater than the
WSHF/SCF costs, where implemented, when the traditional subsidence repair method is
utilized. The B-25 boxes, the WSF/SCF, and subsidence repair cost elements are the
ones with the greatest costs and therefore have the greatest potential to significantly
reduce the total costs.

B-25 box utilization for disposal of relatively low-density waste, which resultsin large
subsidence potentials regardless of the waste/subsidence treatment method, is directly
responsible for high B-25 box, WSF/SCF, and subsidence repair costs. All the
waste/subsidence treatment methods evaluated are simply efforts that try to reduce the
subsidence impacts created by the use of B-25 boxes. However, none of the
waste/subsidence treatments fully eliminates the subsidence impacts of B-25 boxes as
evidenced by the subsidence repair costs.
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Table20. Cost Summary

Total
Subsidence | Engineered Dynamic | Closure | Relative
Treatment |Trench Cost | B-25Box | WSF/SCF | Compaction| Cap Cost | Closure
Method (M) Cost ($M) [ Cost ($M) | Cost ($M) (M) Cost ($M)
ISC 31 10.8 0.0 0.0 2.4 16.3
ISC and 1.8 6.3 325 0.0 15 42.1
WSF/SCF
ISC and SDC 31 10.8 0.0 1.9 2.4 18.2
ISC and TDC 31 10.8 0.0 3.6 2.4 19.9
ISC, 1.8 6.3 325 1.2 15 43.3
WSF/SCF,
and SDC
ISC, 1.8 6.3 325 2.2 15 44.2
WSF/SCF,
and TDC
Cap Total Relative
Subsidence | Traditional | Replacement Long-term
Treatment | Subsidence | Subsidence | Cumulative | Maintenance | Total Relative
Method Repair Cost | Repair Cost | O&M Cost | Cost Range | Cost Range
($M) ($M) (M) (M) (M)
ISC 151.7 49.8 3.4 53.3t0155.1 | 69.6t0171.4
ISC and 75.2 26.2 29 29.1t078.1 | 71.2t0120.2
WSF/SCF
ISC and SDC 116.0 18.9 1.7 20.7t0 117.7 | 38.8t0135.9
ISC and TDC 80.3 129 1.7 14.7t082.0 | 345t0101.9
I1SC, 59.7 10.1 15 11.6to61.1 | 549t0104.4
WSF/SCF,
and SDC
ISC, 415 7.4 1.5 8.81043.0 53.1t087.2
WSF/SCF,
and TDC

ISC = Interim Soil Cover; WSF/SCF = Waste Sort Facility / Super Compactor Facility;
SDC = Standard Dynamic Compaction; TDC = Tertiary Dynamic Compaction;
$M = Millions of Dollars

Note: The higher cost in each range is associated with the traditional method of subsidence
repair and the lower is associated with the cap replacement method.
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Figure6. Cost Summary with Traditional Subsidence Repair *
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Figure7. Cost Summary with Cap Replacement Subsidence Repair *
* Relative position of cost elements on barsis the same astheir order in the legend.
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The following are the primary conclusions that can be drawn from the Table 21 and Figure 8 and
Figure 9 datarelative to the cost per subsidence reduction of the various waste/subsidence

treatments. This ratio essentially provides a way to measure “your bang for your buck” relative
to subsidence potential reduction.

* The no action case (ISC alone) and the WSF/SCF alone case result in the highest total
cost per subsidence reduction of any of the other cases. Therefore, on a cost per
subsidence reduction basis, the no action case (ISC alone) and the WSF/SCF alone case
are not preferred.

» Each case, including TDC, results in a lower cost per subsidence reduction for stacked
B-25 boxes in the Engineered Trench than the associated case, which includes SDC.
Therefore, on a cost per subsidence reduction basis, the TDC case is preferred over the
associated SDC case.

* On a cost per subsidence reduction basis the case with the least cost per subsidence
reduction is either TDC alone or the combination of WSF/SCF and TDC. While TDC
alone has a lower closure cost per subsidence reduction than WSF/SCF and TDC, the
WSF/SCF and TDC case has a lower long-term maintenance cost per subsidence
reduction. The case, however, which has the lowest total cost per subsidence reduction,
depends upon the subsidence repair method. If the traditional subsidence repair method
is utilized, the WSF/SCF and TDC case is lowest, however, if the cap replacement
method is utilized, the TDC alone case is lowest.

Table2l. Cost per Subsidence Reduction Summary

Long-term
Closure Cost per | Maintenance Cost Total Cost per
Waste/Subsidence Subsidence per Subsidence Subsidence
Treatment Method Reduction (3M/%) | Reduction ($M/%) | Reduction ($M/%)
Thefollowing values ar e associated with the traditional method of subsidence repair:
ISC 1.6 15.7 17.3
ISC and WSF/SCF 1.9 3.5 5.3
ISC and SDC 0.6 3.8 4.4
ISC and TDC 0.4 1.6 1.9
ISC, WSF/SCF, and SDC 1.1 15 2.6
ISC, WSF/SCF, and TDC 0.8 0.8 15
The following values ar e associated with the cap replacement method of subsidencerepair:
ISC 1.6 5.4 7.0
ISC and WSF/SCF 1.9 1.3 3.1
ISC and SDC 0.6 0.7 1.2
ISC and TDC 0.4 0.3 0.7
ISC, WSF/SCF, and SDC 11 0.3 1.4
ISC, WSF/SCF, and TDC 0.8 0.2 0.9

ISC = Interim Soil Cover; WSF/SCF = Waste Sort Facility / Super Compactor Facility;
SDC = Standard Dynamic Compaction; TDC = Tertiary Dynamic Compaction
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The following are the primary conclusions that can be drawn from the Table 22 and Figure 10
datarelative to the total cost per volume of waste received for disposal for the various
waste/subsidence treatments:

» Theno action case (ISC aone) resultsin either the highest (with traditional subsidence
repair) or next to highest (with cap replacement subsidence repair) total cost per volume
of waste received for disposal of any of the other cases. Therefore, on a cost per volume
of waste received for disposal basis, the no action case (1SC aone) is not preferred.

» Use of the WSF/SCF aone results in either the highest (with cap replacement subsidence
repair) or the third highest (with cap replacement subsidence repair) total cost per
volume of waste received for disposal of any of the other cases. These high costs are
due to the inability of the WSF/SCF as currently operated to significantly reduce the
subsidence potential associated with disposal of stacked B-25 boxes in the Engineered
Trench. Therefore, on acost per volume of waste received for disposal basis, the
WSF/SCF alone case (ISC & WSF/SCF) is not preferred.

» Each caseincluding TDC resultsin alower cost per volume of waste received for
disposal than the associated case, which includes SDC. Therefore, on a cost per volume
of waste received for disposal basis, the TDC case is preferred over the associated SDC
case.

* Onacost per volume of waste received for disposal basis the case with the least cost per
volume of waste received for disposal is either TDC alone or the combination of
WSF/SCF and TDC. The case, which has the lowest total cost per volume of waste
received for disposal, depends upon the subsidence repair method. If the traditional
subsidence repair method is utilized, the WSF/SCF and TDC case is lowest, however if
the cap replacement method is utilized, the TDC alone case is lowest.

3,500

W Cap Replacement Subsidence Repair

B Traditional Subsidence Repair

3,000

N
o
=}
S

2,000

1,500

Cost per Initial Volume ($/m°)

1,000

500
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ISC & WSF/SCF
ISC & SDC
ISC & TDC
ISC, WSF/SCF,
Subsidence Treatment &sbc ISC, WSF/SCF,
& TDC

Figure10. Cost per Volume of Waste Received for Disposal
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W aste/Subsidence
Treatment Method

Total Cost (%)

Initial Volume (m°)

Total Cost per Volume
of Waste Received
($m°)

Thefollowing values ar e associated with th

e traditional method of subsidencerepair:

ISC 171,413,082 52,632 3,257

ISC and WSF/SCF 120,197,450 52,632 2,284
ISC and SDC 135,898,620 52,632 2,582

ISC and TDC 101,894,818 52,632 1,936

ISC, WSF/SCF, and SDC 104,369,299 52,632 1,983
ISC, WSF/SCF, and TDC 87,193,858 52,632 1,657

Thefollowing valuesare

associated with the cap replacement method of subsidencerepair:

ISC 69,583,708 52,632 1,322

ISC and WSF/SCF 71,164,801 52,632 1,352
ISC and SDC 38,846,348 52,632 738

ISC and TDC 34,538,901 52,632 656

ISC, WSF/SCF, and SDC 54,866,781 52,632 1,042
ISC, WSF/SCF, and TDC 53,051,468 52,632 1,008

In summary, of the waste/subsidence treatment methods eval uated, the following cases are not
preferred for implementation on the basis of subsidence potential reduction, cost, and cost per

subsidence reduction:

* No action case (ISC aone)

» Waste Sort Facility/Super Compactor Facility only case (1SC and WSF/SCF)
» All cases utilizing standard dynamic compaction (i.e. ISC and SDC and 1SC, WSF/SCF,

and SDC)
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Of the remaining two cases evaluated, the following conclusions were drawn on the basis of
subsidence potential reduction, cost, cost per subsidence reduction, and cost per volume of waste
received for disposal. (See Table 19 through Table 22 and Figure 5 through Figure 10.)

The combined use of WSF/SCF and TDC only results in an additional subsidence
potential reduction of 4 percent (seven inches) over that of TDC aone. Therefore, the
addition of the WSF/SCF to TDC does not appear to be very effective in providing
additional subsidence potential reduction. However, the addition of the WSF/SCF to
TDC does result in the utilization of an Engineered Trench with less surface areaby a
factor of 1.72.

The TDC aone case has alower total relative closure cost and alower relative closure
cost per subsidence reduction than the WSF/SCF and TDC case.

The WSF/SCF and TDC case has alower long-term maintenance cost and alower long-
term maintenance cost per subsidence reduction than the TDC aone case. The WSF/SCF
and TDC case has the lowest subsidence repair cost, sinceit resultsin aslightly greater
reduction in subsidence potential and utilizes an Engineered Trench with less surface
area by afactor of 1.72.

The case with the lowest total cost, lowest total cost per subsidence reduction, and
lowest cost per volume of waste received for disposal depends upon which subsidence
repair method is utilized. If the traditional subsidence repair method is utilized, the
WSF/SCF and TDC case is lowest, however if the cap replacement method is utilized,
the TDC alone case is lowest.

In order to provide additional perspective relative to the costs of TDC aone and WSF/SCF and
TDC, Figure 11 and Figure 11 timelines have been provided. The following are the primary
conclusions that can be drawn from Figure 11 and Figure 12:

For both the traditional (Figure 11) and the cap replacement (Figure 12) subsidence
repair methods, the TDC alone case has the lowest up front costs and the highest long-
term costs versus the WSF/SCF and TDC case.

The traditional subsidence repair method resultsin alarge continuous yearly repair cost
over afifty year period for both the TDC aone ($1.6 M / year) and the WSF/SCF and
TDC ($0.8 M / year) cases.

The cap replacement subsidence repair method resultsin alarge repair cost
approximately every ten years over afifty year period for both the TDC aone ($2.6 M /
year) and the WSF/SCF & TDC ($1.5 M / year) cases.
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The following are additional summary and conclusions resulting from this eval uation:

» Themost uncertainty in costs is associated with the long-term subsidence repair costs,
which aso potentially represent the greatest cost element. The cap replacement
subsidence repair method represents the probable lower range of cap subsidence repair
costs, whereas the traditional method represents the probable upper range of such costs.
The traditional method is the current cap subsidence repair baseline, whereas the cap
replacement method is considered innovative and requiring further development prior to
implementation. These long-term subsidence repair costs are greatly impacted by the
use of B-25 boxes, the waste/subsidence method utilized, and the subsidence repair
strategy implemented.

* The B-25 boxes, the WSF/SCF, and subsidence repair cost elements are the ones with
the greatest costs and therefore optimization of these elements has the greatest potential
to significantly reduce the total costs.

* B-25box utilization for disposal of relatively low-density waste, which resultsin large
subsidence potential s regardless of the waste/subsidence treatment method evaluated, is
directly responsible for high B-25 box, WSF/SCF, and subsidence repair costs. All the
waste/subsidence treatment methods evaluated are simply efforts that try to reduce the
subsidence impacts created by the use of B-25 boxes. However, none of the
waste/subsidence treatments fully eliminates the subsidence impacts of B-25 boxes as
evidenced by the subsidence repair costs.

» Significant uncertainty is associated with the timing of B-25 box corrosion and collapse
(i.e. time until Engineered Trench stabilization). Within this study this was assumed to
occur over a 150-year period for boxes that had been dynamically compacted and over a
300-year period for boxes that had not.
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7.0 RECOMMENDATIONS

Based upon the results of this evaluation, it is recommended that the following waste/subsidence
treatment cases, which were evaluated within this report, be eliminated from further
consideration:

* Noaction (i.e., the use of an interim soil cover alone)

* Useof the Waste Sort Facility/Super Compactor Facility as the only means of
waste/subsidence treatment

» Useof standard dynamic compaction as a means of waste/subsidence treatment

Of the waste/subsidence treatment cases evaluated within this report, it is recommended that the
following two receive further consideration:

e Useof tertiary dynamic compaction

» Combined use of the Waste Sort Facility/Super Compactor Facility and tertiary dynamic
compaction

It is recommended that further consideration of these two cases should be based primarily upon
Solid Waste Division decisions related to long-term maintenance. From closure cost and
subsidence potential reduction perspective, the use of tertiary dynamic compaction aloneisthe
most cost efficient method evaluated in this report. However, from along-term maintenance and
subsidence potential perspective, the optimum choice between the two is not clear.

Basically, long-term maintenance strategies that result in lower long-term maintenance costs
favor the tertiary dynamic compaction case, but traditional long-term maintenance strategies
which result in higher long-term maintenance costs favor the combined use of the Waste Sort
Facility/Super Compactor Facility and tertiary dynamic compaction. Therefore, itis
recommended that long-term maintenance strategies (i.e. primarily subsidence repair strategies)
be evaluated relative to waste/subsidence treatment strategies, and that additional
waste/subsidence treatments be included in the evaluation in order to produce the most
technically effective and cost efficient strategy for implementation.

The following are items of further note relative to the comparison between the use of tertiary
dynamic compaction alone and the combined use of the Waste Sort Facility/Super Compactor
Facility and tertiary dynamic compaction:

*  Within this evaluation the combined use of the Waste Sort Facility/Super Compactor
Facility and tertiary dynamic compaction only resulted in an additional subsidence
potential reduction of 4 percent (seven inches) over that of tertiary dynamic compaction
alone, which produced areduction of 52 percent. Therefore, the addition of the Waste
Sort Facility/Super Compactor Facility to tertiary dynamic compaction does not appear
to be very effectivein providing additional subsidence potential reduction. However, in
terms of ong-term maintenance cost, this combined use was seen to be potentially more
cost effective than tertiary dynamic compaction alone, because it resulted in adlightly
greater subsidence potential reduction and involved an Engineered Trench with a smaller
surface area by afactor of 1.72. This demonstrates that any waste/subsidence treatment,
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which will produce greater subsidence potential reductions and involves a smaller
surface area, will result in lower long-term maintenance costs.

» The dynamic compaction performed to date at SRS has not been optimized to obtain the
most compaction reasonably achievable. Such optimization could potentially produce
additional subsidence potential reduction over that estimated in this report. Such
optimization would need to be based upon both modeling and field studies, and may of
course cost more than the standard and tertiary dynamic compaction methodologies
outlined here. Dynamic compaction optimization could be realized through both the
modification of the dynamic compaction methodology and the timing of dynamic
compaction relative to the corrosion and subsequent strength reduction of B-25 boxes.

» Thegreatest uncertainties of this study are associated with the long-term subsidence
repair methods and costs and with the timing of B-25 box corrosion and collapse
(i.e. time until Engineered Trench stabilization). Both of these items greatly impact the
cost therefore further study and evaluation of each is recommended to reduce the
uncertainty.

Based upon this evaluation, it is also recommended that Solid Waste Division evaluate the
potentially negative aspects of B-25 usage versus the benefits of B-25 usage, for the disposal of
waste in Engineered Trenches. The following are the potentially negative aspects of B-25 usage
from a subsidence perspective identified in this report:

* Useof B-25 boxesfor the disposal of relatively low-density waste resultsin alarge
inherent subsidence potential, which can not be significantly eliminated by any of the
waste/subsidence treatment methods evaluated.

*  B-25Dbox use also resultsin a period assumed in this study of 150 to 300 years prior to
complete Engineered Trench stabilization, due to the slow rate of buried B-25 box
corrosion. This may increase the period of required institutional control over that
currently assumed.

* B-25Dbox usein this evaluation was directly responsible for high B-25 box, WSF/ SCF,
and subsidence repair costs.

It is recommended that the Solid Waste Division consider the following alternatives to B-25 box
use:

» Soft-sided bags: It isrecommended that the Solid Waste Division continue to support
the development of soft-sided bags as a potential replacement for B-25 boxes.

» Waste Sort Facility/Super Compactor Facility use with direct ‘uncontainerized’ disposal
of the resulting waste pucks and uncompactable waste (soft-sided bags might be used
with the uncompactable waste fraction). Alternately, a cylindrical overpack could be
used for the pucks.

» Direct disposal of all waste and operation similar to a sanitary landfill. Other alternatives
should also be investigated which will produce greater subsidence potential reductions
and involve a smaller trench surface area, and therefore result in lower long-term
maintenance costs.
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If the Solid Waste Division determines that the positive aspects of B-25 box usage outweigh the
negative for disposal of relatively low-density waste in Engineered Trenches, it is recommended
that the following be considered:

Continuation of B-25 box corrosion studies so that the timing associated with buried
B-25 box structural collapse can be more accurately determined.

Evaluation of additional waste/subsidence treatment methods, which can potentially
reduce the subsidence potential more than those methods evaluated in this report.

Evaluations of aternative capping designs/strategies that can better handle significant
differential subsidence over an extended time period.

Evaluation of alternative long-term maintenance strategies (i.e. primarily subsidence
repair strategies) in order to determine the most technically effective and cost efficient
strategy for implementation.

The following options should be considered in the combined evaluation of additional
waste/subsidence treatment methods, alternative capping designs/strategies, and
aternative long-term maintenance strategies:

- Dynamic compaction optimization for stacked B-25 boxes: This could consider
compaction energies, compaction patterns, compaction timing relative to B-25 box
corrosion, etc.

- Useof atemporary low permeability barrier followed by dynamic compaction when
the buried B-25 boxes begin to collapse, followed by installation of afinal cover.

- Placement of interim soil layers between each layer of B-25 boxes.

The following are additional recommendations:

Based upon this evaluation, it is recommended that the Solid Waste Division focus their
cost savings efforts on the B-25 boxes, the WSF/ SCF, and long-term subsidence repair,
since these are the el ements identified as having the greatest costs.

It is recommended that the Solid Waste Division continue to support the work outlined
in SRT-WED-2001-00001, Program Plan for Evaluating Trench Disposal of
Uncompacted Job Control Waste, (Butcher, et al., 2001) including the following:

- Cost Study: Treatment vs Long Term Cap Maintenance (i.e., It is recommended that
this cost study be expanded as outlined above)

- Evaluation of Trench Usage and Alternate Disposal Containers (i.e. soft-sided bags)

- Evaluation of Alternative Waste Stabilization and Closure Strategies (i.e. TTP
SR11SS29, Long-Term Waste Stabilization Design for Long-Term Cover Systems
funded by the DOE Subsurface Contaminant Focus Area)

Overal the Solid Waste Division should take an integrated approach which considers the
implications of and interactions between disposal operations, waste/subsidence treatments,
closure methodol ogy, and long-term maintenance requirements in order to produce an overall
strategy which is both technically effective and cost efficient.
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A-1 Engineered Trench Filled with WSF/SCF Processed B-25s
Number of B-25s and B-25 Density Calculations

Assumptions:

*  29.7% of waste containers do not pass the WSF screening criteria (Roddy, 2001b). The
average density of uncompacted B-25 boxes that do not pass the WSF screening criteriais
0.2124 g/cm® (Wilhite, 20014) (Table 4).

» 70.3% of waste containers do pass the WSF screening criteria (Roddy, 2001b). The average
density of uncompacted B-25 boxes that pass the WSF screening criteriais 0.1673 g/cm®
(Wilhite, 2001a) (Table 4).

» Of the 70.3% of the waste containers that pass the WSF screening criteria, about 15% fail the
SCF compaction criteria and are not supercompacted (Wilhite, 2001b).

» Theaverage weight of B-25 boxes, including the box itself, that pass the WSF screening
criteriabut fail the SCF compaction criteriais 748,430 g (1650 |bs x 453.5924 g/Ib)
(Thomas, 2001).

* Theaverage weight of SRS B-25 boxesis 262,520 g (Wilhite, 2001c).
* Onthe average, 40 supercompacted drums are contained in a B-25 box (Roddy, 20014).

* Onaverage, an empty 55-gallon drum weighs 16,330 g (36 Ibs x 453.5924 g/Ib) (Roddy,
20014).

« The average volume of aB-25 box is 2,550,000 cm? (90 ft3 x 28,316.85 cm’/ft%) (Dames &
Moore, 1987).

« The average density of B-25 boxes containing supercompacted waste is 0.7201 g/lcm® and it is
assumed that this does not vary whether or not the waste drums were received directly from
the generators at the SCF (Wilhite, 2001a) (Table 4).

» The 779 supercompacted SRS B-25 boxes of Table 4 contained 6095 compacted 55-gallon
drums of waste that were received directly from the generators at the SCF ready for
compaction and therefore were not processed through the WSF. It is assumed that these
numbers accurately represent the ratio of compacted 55-gallon drums of waste received
directly from the generators to those processed through the WSF. The waste received directly
from the generators ready for supercompaction is assumed to have the same density as the
waste, which is processed through the WSF/SCF and then supercompacted. (Wilhite, 2001€)
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Calculations based upon 100 B-25 boxesreceived:

e 70.3 B-25 boxes pass the WSF screening criteria, and they have an average density of
0.1673 g/cm®,

* 29.7 B-25 boxes do not pass the WSF screening criteria, and they have an average density of
0.2124 g/cm®,

» Of the 70.3 B-25 boxes that pass the WSF screening criteria, 15% fail the SCF compaction
criteriaand are rejected for Super Compaction:

- Number of B-25s not suitable for Super Compaction = 0.15 x 70.3 = 10.5
- Number of B-25s suitable for Super Compaction = 70.3 — 10.5 = 59.8

* 10.5 boxes pass the WSF screeni ng criteriabut fail the SCF compaction criteria, and they have
an average density of 0.1906 g/cm®, as determined below:

Average density = (748,430 g — 262,520 Q)
2.550,000 cm®

=0.1906 g/cm®

» 50.8 boxes pass the WSF screening criteria and pass the SCF compaction criteriaand are
subsequently supercompacted, and they have an average density of 0.1632 g/cm?, as
determined below:

Average density = (70.3 x 0.1673 g/cm°) — (10.5 x 0.1906 g/cm®)
59.8

=0.1632 g/cm®

* Tota number of uncompacted B-25s = 29.7 + 10.5 = 40.2

 Density of total uncompacted B-25s = (29.7 x 0.2124 g/cm®) + (10.5 x 0.1906 g/cm®)
(29.7 + 10.5)

=0.2067 g/cm®

Page 70 of 192




APPENDIX A - CALCULATIONS WSRC-RP-2001-00613
SECTION A-1

* Result of the Super Compaction of the 59.8 B-25 boxes suitable for Super Compaction:

- Average waste massin each of the 59.8 B-25s = 0.1632 g/cm® x 2,550,000 cm®

=416,160¢g
- Average waste/drum mass per = 0.7201g/cm? x 2,550,000 cm®
supercompacted B-25 = 1,836,255

- Average drum mass per supercompacted B-25 =40x 16,330 g

= 653,200 g
- Average drum density per supercompacted = 653,200 g + 2,550,000 cm®
B-25 =0.2562 g/cm®
- Average waste mass per supercompacted =1,836,2559 - 653,200 g
B-25 = 1,183,055 g

- Theratio of the number of original uncompacted B-25s to the resulting number of
supercompacted B-25s after compaction is equal to the average supercompacted B-25
waste mass to the average waste mass in the original 59.8 B-25s prior to Super
Compaction:

Ratio = 1,183,055 g + 416,160 g = 2.843

- Number of supercompacted B-25s resulting from the Super Compaction of the 59.8
original uncompacted B-25s:

- Number of supercompacted B-25s =59.8+2.843
=21.0

Page 71 of 192




APPENDIX A - CALCULATIONS WSRC-RP-2001-00613
SECTION A-1

* Result of the receipt of 55-gallon drums of waste directly from the generators at the SCF,
ready for compaction without processing through the WSF:

- The 779 supercompacted SRS B-25 boxes of Table 4 contained 6095 compacted 55-
gallon drums of waste that were received directly from the generators at the SCF ready for
compaction and therefore were not processed through the WSF.

- Total number of drumsin the 779 =779 x 40
supercompacted SRS B-25 boxes ~3116

- % of drumsreceived directly from generators = (6095 + 31,160) x 100
=19.56%

- Thereceipt of 100 B-25 Boxes for WSF screening results in the production of
21 supercompacted B-25 boxes as calcul ated above.

- % of supercompacted drums containing waste = 100 —19.56
processed through WSF = 80.44%

- Number of drums contained in the 21
supercompacted B-25 boxes processed
through WSF: Number of drums =21 x 40

=840
- 840 drums represent 80.44% of the drums in supercompacted B-25 boxes for the option of
100 B-25 boxes received for WSF screening.

- Tota number of drumsin supercompacted
B-25 boxes for the option of 100 B-25 boxes
received for WSF screening:
Number of drums = 1044 - 840

=204
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Equivalent number of supercompacted B-25s
based upon the 204 drums received directly
from generators at SCF without processing
through WSF for the option of 100 B-25
boxes received for WSF screening:

Equivalent number of supercompacted B-25s = 204 + 40
=51

Equivalent number of uncompacted B-25sto
the 5.1 supercompacted produced from the
204 55-gallon drums received directly from
generators without processing through WSF:

Equivalent number of uncompacted B-25s 51x2.843
=145

Average density of B-25 boxes with WSF/SCF processing followed by disposal in the
Engineered Trench:

Averagedensity = (21.0 x 0.7201 g/em®) + (5.1 x 0.7201 g/cm®) + (40.2 x 0.2067 g/cm’)

(21.0+5.1+40.2)
= 0.4088 g/cm®
Total number of supercompacted B-25s =21.0+5.1
=26.1
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204 55-gallon Drums of
Waste Received at SCF;
Equivalent to 14.5 B-25s

100 B-25s Received
for WSF Screening

0.1807 g/em3

0.1632 g/cm3
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WSF Screening Pass 70.3 B-25s |
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Figure A-1. WSF/SCF Process Flow Diagram
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A-2 Engineered Trench Filled with only Uncompacted B-25s
Number of B-25s and B-25 Density Calculations

Assumptions:

Based upon the receipt of 100 B-25 boxes for WSF screening the following assumptions are
made:

- 29.7% of waste containers do not pass the WSF screening criteria (Roddy, 2001b). The
average density of uncompacted B-25 boxes that do not pass the WSF screening criteriais
0.2124 g/em® (Wilhite, 2001a) (Table 4).

- 70.3% of waste containers do pass the WSF screening criteria (Roddy, 2001b). The
average density of uncompacted B-25 boxes that pass the WSF screening criteriais
0.1673 g/cm® (Wilhite, 20014) (Table 4).

For every 100 B-25 boxes received for WSF screening, an equivalent of 14.5 uncompacted,
B-25 boxes are received directly from generators without processing through WSF. The
average density of the equivalent uncompacted B-25 boxes received directly from generatorsis
0.1632 g/cm® (Table 4).

The WSF/SCF is not utilized and all of the boxes are placed directly in the Engineered Trench
without any Super Compaction.

Calculations based upon 100 B-25 boxes received:

70.3 B-25 boxes that currently pass the WSF screening criteria have an average density of
0.1673 g/cm®, and are placed directly in the Engineered Trench without processing through the
WSF/SCF.

29.7 B-25 boxes that currently do not pass the WSF screening criteria have an average density
of 0.2124 g/cm®, and are placed directly in the Engineered Trench.

Average density of uncompacted B-25s processed through WSF

Average density = (70.3 x 0.1673 g/cm”) + (29.7 x 0.2124 g/cm”)
(70.3 +29.7)

=0.1807 g/lcm®

An equivalent 14.5 uncompacted B-25 boxes received directly from the generators have an
average density of 0.1632 g/cm?®, and are placed directly in the Engineered Trench.

Average density of all = (100 x 0.1807) + (14.5 x 0.1632)
uncompacted B-25 boxes (100 + 14.5)
=0.1785 g/cm®
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A-3 Engineered Trench Mass Equivalency Calculations
W SF/SCF Processed B-25s ver sus Uncompacted Only B-25s

Assumptions:

Based upon previous calculations, the average density of B-25sin Engineered Trenches
containing only uncompacted B-25sis 0.1785 g/cm®.

Based upon previous calculations, the average density of B-25sin Engineered Trenches
containing B-25s processed through WSF/SCF is 0.4088 g/cm®. For every 26.1
supercompacted B-25 boxes at an average density of 0.7201 g/cm?® there are 40.2 uncompacted
B-25 boxes at an average density of 0.2067 g/cm®.

Based upon previous cal culations the average waste mass per supercompacted B-25sis
1,183,055 g.

Equivalency calculations:

Average waste mass per uncompacted B-25 box in Engineered Trenches containing only
uncompacted B-25s:

Average B-25 waste mass =0.1785 g/cm® x 2,550,000 cm®
= 4551759

Average waste mass per uncompacted B-25 box in Engineered Trenches containing B-25s
processed through WSF/SCF:
Average B-25 waste mass = 0.2067 g/cm® x 2,550,000 cm®
=527,085¢9
Average waste mass per average B-25 box (i.e. based upon the ratio of uncompacted and

supercompacted B-25 boxes) in Engineered Trenches containing B-25s processed through
WSF/SCF:

Average B-25 waste mass =(1,183,055 g x 26.1) + (527,085 g x 40.2)
(26.1 +40.2)

= 785,318 ¢

Mass equivalency of an average B-25 Box in Engineered Trenches containing B-25s processed
through WSF/SCF to that in Engineered Trenches containing only uncompacted B-25s (i.e. not
processed through the WSF/SCF):

Mass equivalency =785,318g+4551759=1.72

That is, 1.72 B-25 boxes in an Engineered Trench containing only uncompacted B-25sis
equivalent on amass basis to 1 box in an Engineered Trench containing B-25s which have
been processed through the WSF/SCF.
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A-4 Relative Subsidence Potential Reduction Calculations

Figure A-2 provides the basis for all subsidence potential reduction calculations:

3917 3.995’
Interior Ext_errllor
Height Height
[ | [ 1 $ A
Stacked 0.328’ ,
B-25 Boxes 3.995
\ 20 /
[ ] [ | $ A
90 cubic foot 0.328° 3 995’
capacity per box
\ 20 /
| | $ A
Exterior top of box | p.328’ ,
dimensions: 3.995
3.911" by 6.078’ v
Y

L‘& y
4" Risers

Not to Scale

Figure A-2. B-25 Boxes, Stacked Four High
(Dames & Moore, 1987)

17.292' (1.312’ due to 4” risers)

0.328’
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|. Subsidence Potential of Stacked Uncompacted B-25 Boxes Prior to Placement of the Interim
Cover

Assumptions:

» The subsidence potential of therisersis assumed to be 1.312 feet (4 x 0.328 ft).

» Based upon aprevious calculation, the average density of uncompacted B-25s, where the B-
25s are not processed through the WSF/SCF but are placed directly in the Engineered Trench
without any Super Compaction, is 0.1785 g/cm®.

» Itisassumed that the B-25s/waste will eventually compact to an average bulk density of
1.5 g/em®, which is within the range of typical soil densities and slightly below the measured
E-Area/Buria Grounds soil bulk densities:

- Hillel (1982) provides a soil bulk density range of 1.1 to 1.6 g/cm® for natural soils.

- Lambe and Whitman (1969) provide a bulk density range of 1.4 to 2.0 g/lem®
(87 to 127 pcf) for silty sand.

- Table A-1 provides the results of measured soil bulk densities within E-Area and the
Burial Grounds. The average soil bulk density is approximately 1.6 g/cm?®.

Subsidence Potential Calculation:

Subsidence Potential = (4 x (L5 g/lem® - 0.1785 g/cm®) x 3.917 ft) + 1.312 ft
1.5 g/em®

=15.116ft
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Table A-1 Measured Soil Bulk Densities

Sample Sample Location Depth (ft) Dry Bulk Dry Bulk

Density (pcf) Density (g/cm®)
AT-8 E-Area 4.0-6 113.8 1.82
AT-8 E-Area 13-15 113.9 1.82
AT-8 E-Area 28-30 101.9 1.63
AT-8 E-Area 41-43 99.1 1.59
AT-North E-Area 2.0-4 115.5 1.85
AT-North E-Area 9.0-11 97.1 1.55
AT-North E-Area 14-16 97.1 155
AT-North E-Area 18-20 98.3 157
AT-North E-Area 23-25 103.0 1.65
AT-North E-Area 42-44 98.4 157
AT-North E-Area 51-53 92.9 1.49
AT-North E-Area 59-61 105.3 1.68
AT-South E-Area 2-25 107.4 1.72
AT-South E-Area 14-15 99.1 1.59
AT-South E-Area 16-17.5 100.1 1.60
AT-South E-Area 38-40 112.3 1.80
AT-South E-Area 43-45 85.7 1.37
VL-1 E-Area 15-35 107.5 1.72
VL-1 E-Area 13-15 95.5 153
VL-1 E-Area 21-23 97.5 1.56
VL-1 E-Area 27-29 875 1.40
VL-1 E-Area 29-31 90.5 145
VL-1 E-Area 31-33 104.5 1.67
VL-1 E-Area 44-46 99.0 1.58
VL-1 E-Area 54-56 93.5 1.50
ST5 E-Area 20-21.9 101.8 1.63
ST6 E-Area 23-25 90.6 145
ST8 E-Area 41-43 97.8 157
ST11 E-Area 64-65.2 99.1 1.59
BGST-01-01 Burial Grounds 9-10.75 118.8 1.90
BGST-01-02 Burial Grounds 19-20.7 97.0 155
BGST-01-03 Burial Grounds 29-31 99.0 158
BGST-01-04 Burial Grounds 39 97.7 1.56
BGST-01-04 Burial Grounds 40 100.5 161
BGST-02-01 Burial Grounds 8.8-9.8 108.3 1.73
BGST-02-02 Burial Grounds 19-21 108.2 1.73
BGST-02-03 Burial Grounds 29-31 104.2 1.67
BGST-02-04 Burial Grounds 39-41 106.7 171
BGST-03-01 Burial Grounds 9-10.65 106.8 171
BGST-03-02 Burial Grounds 19-21 103.7 1.66
BGST-03-03 Burial Grounds 29-31 93.3 1.49
BGST-03-04 Burial Grounds 39-41 110.6 1.77
Average| 101.4 1.62
Median 99.6 1.59
Minimum 85.7 137
Maximum 118.8 1.90
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I1. Subsidence Potential of Stacked Uncompacted B-25 Boxes after Placement of the Interim Cover

Assumptions:

Based upon the Y au (1986), Dames & Moore (1987), and Jones, et al. (2001) studies, when the
interim soil cover is placed over the stacked uncompacted boxes with a bulldozer, the lid of the
box will collapse into the box itself. Thus, it isassumed that the lid of uncompacted B-25s
will collapse on average 1.5 feet into the top box when the interim soil cover is placed with a
bulldozer.

It isassumed that the subsidence potential of this caseis equal to the subsidence potential of
stacked uncompacted B-25 boxes prior to placement of the interim cover minus the assumed
average collapse of the lid of the top box.

Subsidence Potential Calculation:

Subsidence Potential =15116ft-1.5ft
=13.616 ft

[11. Subsidence Potential of Stacked Super compacted B-25 Boxes after Placement of the Interim

Cover

Assumptions:

Based upon the Yau (1986), Dames & Moore (1987), and Jones, et al. (2001) studies, itis
assumed that the lid of uncompacted B-25s will collapse on average 1.5 feet into the box when
the interim soil cover is placed with a bulldozer.

It is assumed that the crushed 55-gallon drums inside a supercompacted B-25 are stacked to
within 6 inches of the box lid. Therefore on average placement of the interim soil cover can
only collapse the lid of the top box 3 inches (0.25 ft) into the box itself due to the curvature

produced during lid deformation and collapse.

Based upon a previous calculation, for every 26.1 supercompacted boxes placed in the
Engineered Trench at an average density of 0.7201 g/cm®, 40.2 uncompacted boxes are placed
in the trench at an average density of 0.2067 g/cm®.

Based upon a previous calculation, the average density of B-25s placed in an Engineered
Trench after processing through the WSF/SCF is 0.4088 g/cm®.

Random placement of uncompacted and supercompacted B-25 boxes is assumed.
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Subsidence Potential Calculations:

Percentage of supercompacted =(26.1+(26.1 +40.2)) x 100
B-25s placed in the trench = 39.4%

Percentage of uncompacted B-25s = 100% — 39.4%
placed in the trench = 60.6%

Subsidence potential reduction due to placement of the interim soil cover:

Subsidence Potential Reduction = (0.394 x 0.25 ft) + (0.606 x 1.5 ft)
=1.008 ft

Subsidence potential due to average density of B-25sin the trench:

Subsidence Potential = (4 x (1.5 g/em® - 0.4088 g/cm®) x 3.917 ft) + 1.312 ft
1.5 g/em®
=12.710 ft
Total Subsidence Potential =12.710 ft — 1.008 ft
=11.702 ft

V. Subsidence Potential of Stacked Uncompacted B-25 Boxes after Placement of the Interim Cover
followed by Dynamic Compaction

Assumptions:

The initial subsidence potential of stacked uncompacted B-25 boxes prior to interim cover
placement is 15.092 feet as determined in a previous calculation.

Based upon the Yau (1986), Dames & Moore (1987), and Jones, et al. (2001) studies, itis
assumed that the lid of uncompacted B-25s will collapse on average 1.5 feet into the box when
the interim soil cover is placed with a bulldozer.

The assumed performance of dynamic compaction of the Engineered Trench will be based
upon the actual results of the dynamic compaction of Engineered Low-Level Trench #1
(ELLT-1) that was conducted during closure of the Mixed Waste Management Facility
(MWMF). Based upon Phifer, 1991 and Phifer and Serrato, 2000, the dynamic compaction of
ELLT-1 produced 5 to 6 foot cratersin an average of 12 drops of the eight foot diameter, 20
ton weight. It will be assumed that dynamic compaction produces an average 5.5 foot crater.
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e Standard dynamic compaction as conducted on ELLT-1 is conducted on a 10-foot square grid
pattern using both primary and secondary drops of an 8-foot diameter weight to provide
compaction within the center of each grid square. However, this means that only 50% of the
surface area of ELLT-1 was treated with standard dynamic compaction:

Area of weight = Y41t D? = YT (8 ft)?
=50.3 ff

Area of grid square =10 ftx 10 ft
=100 ft

Percent of Area Treated = (50.3 f£ + 100 ff) x 100
=50.3%

» Tertiary dynamic compaction is also conducted on a 10-foot square grid pattern using primary,
secondary, and tertiary drops of an 8-foot diameter weight to provide compaction within the
center and at the intersection of each grid square. This tertiary dynamic compaction pattern
provides essentially 100% treatment of the entire surface area.

» It will also be assumed that the reduction in subsidence potential produced by the ELLT-1
static surcharge program, which was conducted prior to the dynamic compaction of ELLT-1,
could have also been eliminated by dynamic compaction. Therefore, the results of the ELLT-1
static surcharge will be added to the ELLT-1 dynamic compaction results to obtain the total
subsidence potential reduction produced by the use of dynamic compaction.

» The following information was obtained from C. T. Main, 1989a; C. T. Main, 1989b; and
Phifer, 1991 in reference to the MWMF static surcharge program:

- The static surcharge was performed on Engineered Low-Level Trench #1 (ELLT-1).

- Only the results from the northern two thirds of ELLT-1 will be considered for these
calculations, since it was determined that the static surcharge results from the southern
third of ELLT-1 was affected by an aisle space that resulted in excessive subsidence as
noted on the following sketch.

- The average measured subsidence produced by the static surcharge was 2.7 feet over the
northern two thirds of ELLT-1:

Subsidence = (2.35' +2.41'+ 2.3 +2.64" + 3.14' + 3.14' + 2.9' + 3’ + 2.49)

- The average interim soil cover over the northern two thirds of ELLT-1 was approximately
seven feet.

» Itis assumed that the interim soil cover is on average 7 feet thick and consists of silty sand
(SM) with a bulk density of 90 pcf prior to static surcharge and that a bulk density of 110 pcf
is produced after static surcharge.

* Itis assumed that dynamic compaction is conducted with an average 6 foot thick interim soil
cover, and that dynamic compaction takes the interim soil cover bulk density from 110 pcf to
120 pcf. The soil cover was graded after the static surcharge test to produce an average 6-foot
thick soil cover.
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/_ Eight feet of original interim cover

Four feet of original interim cover
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Notes:

- Not to scale

- Values are the measured subsidence
- Average measured subsidence = 2.7 ft over the northem two thirds of ELLT-1
- Average interim soi cover = 7 ft over the northem two thirds of ELLT-1

Figure A-3. ELLT-1 Static Surcharge Test Results

(C. T. Main, 1989a)

l

Possible aisle between
boxes during placement

Six feet of orginal interim cover
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Subsidence Potential Calculations (for both standard and tertiary dynamic compaction):

» Subsidence potential reduction due to placement of the interim soil cover:
Subsidence Potential Reduction = 1.5 ft (see assumptions)

» Subsidence potential reduction due to generic static surcharge (i.e. not yet considering
percentage of surface area treated):

Average Measured Subsidence = 2.7 ft (see assumptions)
Subsidence due to Soil = (110 pcf — 90 pcf) x 7 ft
Consolidation 110 pcf

=1.273 ft

Subsidence Potential Reduction =27 ft - 1.273 ft
=1.427ft=50.3 %
Subsidence Potential Reduction =27 ft—- 1.273ft

= 1.427 ft

This subsidence potential reduction could have been due amost entirely to the collapse of
the risersinto the box tops and soil (i.e. 1.312 ft of subsidence potential due to the risers).

» Subsidence potential reduction due to generic dynamic compaction (i.e. not yet considering
percentage of surface areatreated):

Average Measured Subsidence = 5.5 ft (see assumptions)
Subsidence due to Soil = (120 pcf — 110 pcf) x 6 ft
Consolidation 120 pcf

=0.5ft
Subsidence Potential Reduction =55 ft — 0.5 ft

=5.0ft
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» Subsidence potential reduction due to standard dynamic compaction:
Initial subsidence potential of an Engineered Trench containing only uncompacted B-25s:

Initial Subsidence Potential = 15.116 ft (see assumptions)
Interim Soil Cover Placement = 1.5 ft (see assumptions)
Subsidence Potential Reduction

Percentage of Area Treated = 50% (see assumptions)
Static Surcharge Subsidence =0.50 x 1.427 ft

Potential Reduction =0.714 ft

Standard Dynamic Compaction = 0.50 x 5.0 ft
Subsidence Potential Reduction  _ 25 ft

Total Subsidence Potential =15.116ft-15ft—-0.714ft — 2.5 ft
=10.402 ft

» Subsidence potential reduction due to tertiary dynamic compaction:
Initial subsidence potential of an Engineered Trench containing only uncompacted B-25:

Initial Subsidence Potential = 15.116 ft (see assumptions)
Interim Soil Cover Placement = 1.5 ft (see assumptions)
Subsidence Potential Reduction

Percentage of Area Treated = 100% (see assumptions)
Static Surcharge Subsidence =1x 1427 ft

Potential Reduction = 1.427 ft

Standard Dynamic Compaction =1x5.0ft

Subsidence Potential Reduction
=50ft

Total Subsidence Potential =15.116ft - 1.5ft — 1.427 ft — 5.0 ft
= 7.189 ft
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V. Subsidence Potential of Stacked Super compacted B-25 Boxes after Placement of the Interim Sail
Cover followed by Dynamic Compaction

Assumptions:

The stacked supercompacted B-25 box subsidence potential after interim soil cover placement

is 11.702 feet as determined in a previous calculation. This subsidence potential includes the

reduction due to the collapse of the top box’s lid during interim soil cover placement. This
includes a 1.5-foot reduction for uncompacted boxes and a 0.25 reduction for supercompacted
boxes.

It is assumed that the crushed 55-gallon drums inside a supercompacted B-25 are stacked to
within 6 inches of the box lid. It is assumed that dynamic compaction can eliminate this
6-inch (0.5-foot) void. However, upon elimination of this 6-inch void, the crushed drums
within the supercompacted B-25 form columns which prohibit further dynamic compaction of
the box.

It is also assumed that dynamic compaction can eliminate the entire void space of 1.312 feet
due to the risers.

The maximum subsidence potential reduction that can be produced from the dynamic
compaction of a stack of uncompacted B-25 boxes is 6.427 feet (1.427 ft + 5.0 ft), based on a
previous calculation.

Based upon previous assumptions, standard dynamic compaction treats 50% of the area and
tertiary dynamic compaction treats 100% of the area.

Based upon a previous calculation, an Engineered Trench containing boxes processed through
the WSF/SCF contains 39.4% supercompacted boxes and 60.6% uncompacted boxes.

Random placement of uncompacted and supercompacted B-25 boxes is assumed.

Subsidence Potential Calculations (for both standard and tertiary dynamic compaction):

The maximum subsidence potential reduction that can be produced from the dynamic
compaction of a stack of supercompacted B-25 boxes is as follows. The 0.25-foot reduction
has already been accounted for in the initial subsidence potential of stacked supercompacted
B-25 boxes after interim soil cover placement due to the collapse of the top box’s lid during
interim soil cover placement.

Maximum Subsidence Potential = ((4 x 0.5 ft)— 0.25 ft) + 1.312 ft
Reduction — 3062 ft
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» Subsidence potential reduction due to standard dynamic compaction:

Initial Subsidence Potential of an = 11.702 ft (see assumptions)
Engineered Trench containing B-25s

processed through the WSF/SCF

after placement of the interim cover

Percentage of Area Treated = 50% (see assumptions)

M aximum Subsidence Potential = 6.427 ft (see assumptions)
Reduction due to dynamic

compaction for a Stack of

Uncompacted B-25s

Maximum Subsidence Potential = 3.062 ft
Reduction due to dynamic

compaction for a Stack of

Supercompacted B-25s

Total Subsidence Potential =11.702 ft - (0.5 x ((0.606 x 6.427 ft) +
(0.394 x 3.062 ft)))

= 9.151 ft

» Subsidence potential reduction due to tertiary dynamic compaction:

Initial Subsidence Potentia of an = 11.702 ft (see assumptions)
Engineered Trench containing B-25s

processed through the WSF/SCF

after placement of the interim cover

Percentage of Area Treated = 100% (see assumptions)

Maximum Subsidence Potential = 6.427 ft (see assumptions)
Reduction due to dynamic

compaction for a Stack of

Uncompacted B-25s

Maximum Subsidence Potential = 3.062 ft
Reduction due to dynamic

compaction for a Stack of

Supercompacted B-25s

Total Subsidence Potential

11.702 ft — (1 x ((0.606 x 6.427 ft) +
(0.394 x 3.062 ft)))

6.601 ft
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V1. Subsidence Potential Summary and Subsidence Potential Reduction Calculations

Table A-2. Estimated Reative Subsidence Potential and Subsidence Potential Reduction

Subsidence Estimated Relative Estimated Relative
Treatment Subsidence Subsidence Potential
Method Potential (ft) Reduction (%)
Base Subsidence 15.116 =(15.116 — 15.116) % 100
Potential * 15.116
=0
ISC 13.616 =(15.116 — 13.616) x 100
15.116
=99
ISC and WSF/SCF 11.702 =(15.116 — 11.702) x 100
15.116
=226
ISC and SDC 10.402 =(15.116 — 10.402) % 100
15.116
=31.2
ISC and TDC 7.189 =(15.116 — 7.189) x 100
15.116
=524
ISC, WSF/SCF, 9.151 =(15.116 — 9.151) x 100
and SDC 15.116
=395
ISC, WSF/SCF, 6.601 =(15.116 — 6.601) x 100
and TDC 15.116
=56.3

! Subsidence Potential of a stack of four uncompacted B-25 boxes prior to the placement of the
interim soil cover

ISC = Interim Soil Cover

WSHF/SCF = Waste Sort Facility / Super Compactor Facility

SDC = Standard Dynamic Compaction

TDC = Tertiary Dynamic Compaction
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A-5 Relative Cost of Engineered Trench Design and Construction

Assumptions:

* AnEngineered Trench design to contain 12,000 B-25 boxes measures 150 feet by 650 feet at
the top by 22 feet deep (Wilhite, 2000a; Wilhite, 2000b; Wilhite, 2001d).

*  Such an Engineered Trench costs $1,800,000 to design and construct in year 2001 dollars
(Bunker, 2001d).

» Based upon previous calculations, 1.72 B-25 boxesin an Engineered Trench containing only
uncompacted B-25sis equivalent on amass basis to 1 box in an Engineered Trench containing
B-25s, which have been processed through the WSF/SCF.

* An Engineered Trench containing B-25s, which have been processed through the WSF/SCF,
will be taken as containing 12,000 B-25 boxes stacked four high (Wilhite, 2001d) and will be
taken as having a surface area of 97,500 ft? (150 feet x 650 feet).

» A direct linear relationship is assumed between cost and the number of B-25sto be disposed
for each case under consideration.

Design and Construction Cost Calculations:

* Cost of Engineered Trench design and construction for one 12,000 B-25 Box Engineered
Trench for disposal of B-25s processed through the WSF/SCF:

Design and Construction Cost = $1,800,000

* Cost of Engineered Trench design and construction for one 20,640 B-25 Box Engineered
Trench for disposal of B-25s not processed through the WSF/ SCF-

Mass equivalent number of B-25s = 12,000 boxes x 1.72
= 20,640 boxes

Mass equivaent surface area = (150 ft x 650 ft) x 1.72
= 167,700 ft*

Design and Construction Cost = $1,800,000 x 1.72
= $3,096,000

An Engineered Trench containing B-25s, which have not been processed through the WSF/SCF, will be
taken as cczgntai ning 20,640 B-25 boxes stacked four high and will be taken as having a surface area of
167,700 ft~.
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Design and Construction Cost Summary:

Table A-3. Relative Cost of Engineered Trench Design and Construction

Relative Engineered
Number of B-25 | Trench Design and
Subsistence Treatment Method Boxes Disposed | Construction Cost ($)

ISC 20,640 3,096,000
ISC and WSF/SCF 12,000 1,800,000
ISC and SDC 20,640 3,096,000
ISC and TDC 20,640 3,096,000
ISC, WSF/SCF, and SDC 12,000 1,800,000
ISC, WSF/SCF, and TDC 12,000 1,800,000

ISC = Interim Soil Cover

WSHF/SCF = Waste Sort Facility / Super Compactor Facility
SDC = Standard Dynamic Compaction
TDC = Tertiary Dynamic Compaction
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A-6 Relative Cost of Waste/Subsidence Treatment

Assumptions:

Based upon a previous assumption and cal culation, an Engineered Trench containing B-25s,
which have been processed through the WSF/SCF, will be taken as containing 12,000 B-25
boxes stacked four high (Wilhite, 2001d) and will be taken as having a surface area of

2.24 acres (97,500 ft°+ 43,560 ft*/acre).

Based upon a previous assumption and calculation, an Engineered Trench containing B-25s,
which have not been processed through the WSF/SCF, will be taken as containing 20,640
B-25 boxes stacked four high and will be taken as having a surface area of 3.85 acres
(167,700 ft*+ 43,560 ft¥/acre). This produces a mass equivalent comparison to cases that do
involve processing through the WSF/SCF.

Each B-25 box costs $523 (Bunker, 2001b).

Based upon a previous cal culation, an Engineered Trench containing boxes processed through
the WSF/SCF contains 39.4% supercompacted boxes and 60.6% uncompacted boxes.

Information in Table A-4 was obtained from Gary Bunker and LeRoy Williamsrelative to the
cost per each supercompacted B-25 box:

Table A-4. Cost Per Each Supercompacted B-25 Box

Parameter FYO1 FYO02 FYO03 FYOo4 Total
Estimated 772 643 649 449 2513
Number of
Supercompacted
B-25s*
WSF ($) 2 2,610,000 2,610,000 2,610,000 2,610,000 | 10,440,000
SCF ($)? 1,710,000 1,710,000 1,710,000 1,710,000 6,840,000
Total ($) 4,320,000 4,320,000 4,320,000 4,320,000 | 17,280,000

WSF = Waste Sort Facility

SCF = Super Compactor Facility

L Williams, 2001a; Williams, 2001b
2 Bunker, 2001a

Based upon past SRS experience (1998) the subcontractor costs for performance of standard
dynamic compaction has been estimated at $100,000 for mobilization/demobilization plus
$200,000 per acre (Phifer and Serrato, 2000).
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» Thetota Standard Dynamic Compaction cost is assumed to be 2 times the subcontractor cost
to account for the indirect cost.

» Standard dynamic compaction treats only 50% of the area whereas tertiary dynamic
compaction treats 100% of the area. Therefore, since standard dynamic compaction has been
estimated to cost $200,000 per acre, tertiary dynamic compaction will be assumed to cost
$400,000 per acre. Mobilization/demobilization costs will be assumed to remain at $100,000
for tertiary dynamic compaction. (Phifer and Serrato, 2000).

* Thetota Tertiary Dynamic Compaction cost is assumed to be 2 times the subcontractor cost to
account for the indirect cost.

Subsidence Treatment Costs Calculations:

+ Table A-5 shows the calculated B-25 box cost for each case:
Table A-5. Calculated B-25 Box Cost for Each Case

Number
Subsidence Treatment of B-25s | Calculated B-25 Box Cost ($)
I1SC 20,640 = 20,640 x $523
=$10,794 ,720
ISC and WSF/SCF 12,000 =12,000 x $523
= $6,276,000
ISC and SDC 20,640 = 20,640 x $523
=$10,794 ,720
ISCand TDC 20,640 = 20,640 x $523
=$10,794 ,720
ISC, WSF/SCF, and SDC 12,000 = 12,000 x $523
= $6,276,000
ISC, WSF/SCF, and TDC 12,000 = 12,000 x $523
= $6,276,000
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* Number of supercompacted boxesin an Engineered Trench containing B-25s, which have
been processed through the WSF/SCF:

Number of B-25s = 12,000

Percentage of Supercompacted B-25s = 39.4%

Number of Supercompacted Boxes =0.394 x 12,000 boxes
= 4,728 boxes

* Cost per supercompacted B-25:

Estimated WSF/SCF Cost over a = $17,280,000
Four-Y ear Period

Estimated Number of Supercompacted = 2513
Boxes Produced over a Four-Y ear
Period

Cost per Supercompacted B-25 = $17,280,000 +~ 2513
= $6,876 / supercompacted B-25 box

+ Table A-6 shows the calculated WSF/SCF subsidence treatment costs for each case.
Table A-6. Calculated WSF/SCF Subsidence Treatment Costs

Number of
Super-compacted | Calculated WSF/SCF Subsidence
Subsidence Treatment B-25s Treatment cost ($)
ISC 0 =0x $6,876
=80
ISC and WSF/SCF 4,728 = 4,728 x $6,876
= $32,509,728
ISC and SDC 0 =0x$
ISC and TDC 0 =0x$
ISC, WSF/SCF, and SDC 4,728 = 4,728 x $6,876
= $32,509,728
ISC, WSF/SCF, and TDC 4,728 = 4,728 x $6,876
= $32,509,728
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» Table A-7 shows the calculated dynamic compaction treatment costs for each case. The
dynamic compaction costs have been escalated from 1998 to 2001 based upon a yearly 3%
inflation rate (3 years at a F/P factor of 1.0927 (Grant, et a., 1976)).

Table A-7. Calculated Dynamic Compaction Treatment Costs

Engineered
Trench
Surface
Subsidence Area Calculated Dynamic Compaction
Treatment (acres) Subsidence Treatment Cost ($)
ISC 3.85 0
ISC and WSF/SCF 2.24 0
ISC and SDC 3.85 = (2 % ($100,000 + (3.85 ac x $200,000/ac))) x 1.0927
=$1,901,298
ISC and TDC 3.85 = (2 x ($100,000 + (3.85 ac x $400,000/ac))) x 1.0927
= $3,584,056
ISC, WSF/SCF, 2.24 = (2 x ($100,000 + (2.24 ac x $200,000/ac))) x 1.0927
and SDC = $1,197,599
ISC, WSF/SCF, 2.24 = (2 x ($100,000 + (2.24 ac x $400,000/ac))) x 1.0927
and TDC = $2,176,658
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Subsidence Treatment Costs Summary:

Table A-8. Subsistence Treatment Costs Summary Cost Tables

Waste Mass Number of Engineered
Equivalent Super-compacted Trench Surface
Subsidence Treatment Number of B-25s B-25s Area (acres)
ISC 20,640 0 3.85
ISC and WSF/SCF 12,000 4,728 2.24
ISC and SDC 20,640 0 3.85
ISC and TDC 20,640 0 3.85
ISC, WSF/SCF, and SDC 12,000 4,728 2.24
ISC, WSF/SCF, and TDC 12,000 4,728 2.24
Relative
Dynamic Subsidence
Subsidence B-25 Box W SF/SCF Compaction Treatment
Treatment Cost (9) Cost ($) Cost (9) Cost ($)
ISC 10,794,720 0 0 10,794,720
ISC and 6,276,000 32,509,728 0 38,785,728
WSF/SCF
ISC and SDC 10,794,720 0 1,901,298 12,696,018
ISC and TDC 10,794,720 0 3,584,056 14,378,776
ISC, WSF/SCF, 6,276,000 32,509,728 1,197,599 39,983,327
and SDC
ISC, WSF/SCF, 6,276,000 32,509,728 2,176,658 40,962,386
and TDC

ISC = Interim Soil Cover
WSHF/SCF = Waste Sort Facility / Super Compactor Facility
SDC = Standard Dynamic Compaction
TDC = Tertiary Dynamic Compaction
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A-7 Relative Cost of Closure Cap

Assumptions:

» Based upon a previous assumption and calculation, an Engineered Trench containing B-25s,
which have been processed through the WSF/SCF, will be taken as having surface area
dimensions of 150 feet by 650 feet. (Wilhite, 2000a; Wilhite, 2000b)

» Based upon a previous assumption and calculation, an Engineered Trench containing B-25s,
which have not been processed through the WSF/SCF, will be taken as having a surface area
of 167,700 ft%, which is equivalent to having surface area dimensions of 258 feet by 650 feet.
This produces a mass equivalent comparison to cases that do involve processing through the
WSF/SCF.

» Theclosure cap surface areawill be greater than the Engineered Trench surface areaiit covers.
It is assumed that the closure cap extends 10 feet in all directions beyond the actual Engineered
Trench.

» Itisassumed that the closure cap over the Engineered Trench will consist of a high density
polyethylene (HDPE), flexible membrane liner (FML) over a geosynthetic clay liner (GCL)
over aclayey sand foundation layer per Figure A-4.

» A direct linear relationship is assumed between cost and the acreage of the closure cap.

» Itisassumed that the cost of the FML/GCL closure caps can be determined from the estimated
closure cap construction costs of a2 and 5 acre cap as determined from a 1993 study (Bhutani,
et al., 1993). Table A-9 presentsthe costsfor a2 and 5 acre FML/GCL closure cap. The costs
have been modified from those of the 1993 study to exclude site preparation, waste
stabilization, fencing, and monitor well costs. These excluded costs, except for waste
stabilization, are assumed to not be applicable due to existing E-Areainfrastructure. The
waste stabilization costs were estimated in a previous cal cul ation.
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Minimum 3% to Maximum 5% Slope

0.5’ Topsoill

1.5’ Common Fil

Geotextie Fiter

1’ Sand Drainage Layer

30 mi High Density Polyethylene (HDPE)
Flexble Membrane Liner (FML)

Geosynthetic Clay Liner (GCL)

Clayey Sand Foundation Soll

Sity Sand Interim Soi Cover

Figure A-4. FML/GCL Closure Cap Configuration
(Modified from Bhutani, et al., 1993)
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Table A-9. FML/GCL Closure Cap Construction Estimates

1993 2-Acre | 1993 5-Acre
FML/GCL * | FML/GCL
Closure Cap Construction Activity Cover ($) Cover ($)

Site Pre-contouring 3,000 4,330
Foundation Soil Placement 65,040 162,610
GCL Placement 80,800 200,200
FML Placement 39,420 98,580
Drainage Layer Placement 47,920 119,790
Geotextile Filter Placement 3,790 9,460
Common Fill Placement 25,740 64,360
Topsoil Placement 20,130 50,270
Perimeter Drainage Layer Placement 2,760 4,290
Drainage Ditch Construction 4,010 10,030
Seeding, Fertilizing, & Mulching 13,320 33,300
Cover and Subsidence Marker Survey 2,400 3,600
Direct Cost Subtotal 308,330 760,820
Clean up & Demobilization (5% of Direct 15,416 38,041
Cost Subtotal)

Location Factor (40% of Direct Cost 123,332 304,328
Subtotal)

Total Direct Cost 447,078 1,103,189
Indirect Costs (100% of Direct Costs) 447,078 1,103,189
Total Closure Cap Construction Cost 894,156 2,206,378

! FML/GCL = high density polyethylene (HDPE), flexible membrane liner (FML) over a
geosynthetic clay liner (GCL) over aclayey sand foundation layer.
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Closure Cap Costs Calculations:

» Acreage of an Engineered Trench containing B-25s, which have been processed through the

WSF/SCF:
Engineered Trench Surface Area = 150 ft by 650 ft
Dimensions
Closure Cap Surface AreaDimensions = 170 ft (150 ft + 20 ft) by 670 ft (650 ft + 20 ft)
Closure Cap Acreage = (170 ft x 670 ft) + 43,560 ft*/acre

= 2.61 acres

» Acreage of an Engineered Trench containing B-25s, which have not been processed through

the WSF/SCF:
Engineered Trench Surface Area = 258 ft by 650 ft
Dimensions
Closure Cap Surface AreaDimensions = 278 ft (258 ft + 20 ft) by 670 ft (650 ft + 20 ft)
Closure Cap Acreage = (278 ft x 670 ft) + 43,560 ft*/acre

= 4,28 acres

» Cost of aclosure cap over an Engineered Trench containing B-25s, which have been processed
through the WSF/SCF:

Closure Cap Acreage = 2.61 acres

The cost has been escalated from 1993 to 2001 based upon a yearly 3% inflation rate
(8 years at a F/P factor of 1.2668 (Grant, et a., 1976)

Closure Cap Cost = 1.2668 x ($894,156 + (($2,206,378— $894,156) x (2.61 — 2)))
(5-2
=$1,470,722

» Cost of aclosure cap over an Engineered Trench containing B-25s, which have not been
processed through the WSF/SCF-

Closure Cap Acreage = 4.28 acres

The cost has been escalated from 1993 to 2001 based upon a yearly 3% inflation rate
(8 years at a F/P factor of 1.2668 (Grant, et a., 1976)

Closure Cap Cost = 1.2668 x ($894,156 + (($2,206,378~ $394,156) x (4.28 - 2)))
(5-2)
= $2,396,082
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Closure Cap Costs Summary:

Table A-10. Closure Cap Costs Summary

Closure Cap Relative FML/GCL
Subsidence Treatment Surface Area Closure Cap Cost ($)
(acres)
ISC 4.28 2,396,082
ISC and WSF/SCF 2.61 1,470,722
ISC and SDC 4.28 2,396,082
ISC and TDC 4.28 2,396,082
ISC, WSF/SCF, and SDC 2.61 1,470,722
ISC, WSF/SCF, and TDC 2.61 1,470,722

ISC = Interim Soil Cover

WSHF/SCF = Waste Sort Facility / Super Compactor Facility
SDC = Standard Dynamic Compaction

TDC = Tertiary Dynamic Compaction
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A-8 Relative Cost of Closure Cap Subsidence Repair — Traditional Method

Assumptions:

* Preliminary results from the exhumation of the B-25 box on May 3, 2001, indicated that very
little corrosion of the box occurred over an eight year burial period (Jones, et a., 2001).

» Dynamic compaction can result in the breakage of the protective coating bond away from the
metal resulting in the increased potential for corrosion (McMullin and Dendler, 1994).

» For B-25sthat are not dynamically compacted a period of B-25 box structural collapse (i.e. a
subsidence period) has been assumed to be from 200 to 300 years after burial.

* For B-25sthat are dynamically compacted, a period of B-25 box structural collapse (i.e. a
subsidence period) has been assumed to be from 100 to 150 years after burial and dynamic
compaction.

* Itisassumed that subsidence will occur over the entire surface area of the closure cap, which
is directly over the Engineered Trench, over the subsidence period.

» Itisassumed that the number of repair events per areawill be proportional to the subsidence
potential. It isfurther assumed that every four feet of subsidence will produce a condition,
requiring repair. Therefore, the number of repair eventsis assumed to equal the estimated
relative subsidence potential divided by four feet. It isassumed that fractions of 4 feet will
also require repair due to the extended nature of the subsidence periods.

» Itisassumed that the closure cap over the Engineered Trench will consist of a high-density
polyethylene (HDPE), flexible membrane liner (FML) over a geosynthetic clay liner (GCL)
over aclayey sand foundation layer.

A repair cost of $266/ft* for a FML/GCL closure cap will be assumed. This cost is based upon
the $210/ft? repair cost for a FML/GCL closure cap estimated by Bhutani, et al., in 1993, and
escalation from 1993 to 2001 based upon a yearly 3% inflation rate (8 years at a F/P factor of
1.2668) (Grant, et a., 1976).

FML/GCL Closure Cap Repair Cost = $210/ft* x 1.2668
= $266/ft°

» The Relative Cap Subsidence Repair Cost is assumed to equal the following:
Repair Cost = $266/ ft* x Number of Repair Events x Surface Area (ft)
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» Thefollowing table provides the estimated relative subsidence potential, assumed subsidence
period, and the surface area of the Engineered Trench. The valuesin the table are based upon
previous cal cul ations and assumptions.

Table A-11. Closure Cap Subsidence Repair Cost Parameters

Relative Engineered
Subsidence Subsidence Period | Trench Surface

Subsidence Treatment Potential (ft) (years) Area (ft%)
ISC 13.616 200 to 300 167,700
ISC and WSF/SCF 11.702 200 to 300 97,500
ISC and SDC 10.402 100 to 150 167,700
ISCand TDC 7.189 100 to 150 167,700
ISC, WSF/SCF, and SDC 9.151 100 to 150 97,500
ISC, WSF/SCF, and TDC 6.601 100 to 150 97,500

Closure Cap Subsidence Repair Costs Calculations:

» The number of repair events has been calculated by dividing the estimated relative subsidence
potential by four feet in Table A-12.

Table A-12. Number of Repair Events

Relative Subsidence

Subsidence Treatment Potential (ft) Number of Repair Events
ISC 13.616 13.616ft+4ft=3.4
ISC and WSF/SCF 11.702 11.702ft+4ft=29
ISC and SDC 10.402 10.402ft+ 4ft=2.6
ISCand TDC 7.189 7.189ft+4ft=1.8
ISC, WSF/SCF, and SDC 9.151 9.151ft+4ft=23
ISC, WSF/SCF, and TDC 6.601 6.601ft+4ft=16

Page 106 of 192




APPENDIX A - CALCULATIONS

SECTION A-8

WSRC-RP-2001-00613

» The Relative Cap Subsidence Repair Cost has been calculated in Table A-13 based upon the

following formula:

Repair Cost = $266/ ft> x Number of Repair Events x Surface Area (ft?)

Table A-13. Relative Cap Subsidence Repair Cost

Engineered
Number of Trench Relative Closure Cap
Repair Surface Subsidence Repair Cost -
Subsidence Treatment Events Area (ft?) Traditional Method ($)
ISC 34 167,700 | = $266/ ft* x 3.4 x 167,700 ft
= $151,667,880
ISC and WSF/SCF 2.9 97,500 | = $266/ ft? x 2.9 x 97,500 ft*
= $75,211,500
ISC and SDC 2.6 167,700 | = $266/ ft* x 2.6 x 167,700 ft?
= $115,981,320
ISC and TDC 1.8 167,700 | = $266/ ft* x 1.8 x 167,700 ft?
= $80,294,760
ISC, WSF/SCF, and SDC 2.3 97,500 | = $266/ ft* x 2.3 x 97,500 ft?
= $59,650,500
ISC, WSF/SCF, and TDC 1.6 97,500 | = $266/ ft* x 1.6 x 97,500 ft*
= $41,496,000

Table A-14. Closure Cap Subsidence Repair Costs Summary:

Relative Closure Cap Subsidence

Subsidence Treatment Repair Cost - Traditional Method (%)
ISC 151,667,880
ISC and WSF/SCF 75,211,500
ISC and SDC 115,981,320
ISCand TDC 80,294,760
ISC, WSF/SCF, and SDC 59,650,500
ISC, WSF/SCF, and TDC 41,496,000

ISC = Interim Soil Cover - WSF/SCF = Waste Sort Facility / Super Compactor Facility

SDC = Standard Dynamic Compaction -

TDC = Tertiary Dynamic Compaction
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A-9 Relative Cost of Closure Cap Subsidence Repair — Cap Replacement Method

Assumptions

» Preliminary results from the exhumation of the B-25 box on May 3, 2001 indicated that very
little corrosion of the box occurred over an eight year burial period (Jones, et a., 2001).

» Dynamic compaction can result in the breakage of the protective coating bond away from the
metal resulting in the increased potential for corrosion (McMullin and Dendler, 1994).

» For B-25sthat are not dynamically compacted, a period of B-25 box structural collapse (i.e. a
subsidence period) has been assumed to be from 200 to 300 years after burial.

» For B-25sthat are dynamically compacted, a period of B-25 box structural collapse (i.e. a
subsidence period) has been assumed to be from 100 to 150 years after burial and dynamic
compaction.

» Itisassumed that the closure cap over the Engineered Trench will consist of a high-density
polyethylene (HDPE), flexible membrane liner (FML) over a geosynthetic clay liner (GCL)
over aclayey sand foundation layer.

» Itisassumed that subsidence will occur over the entire surface area of the closure cap, which
isdirectly over the Engineered Trench, over the subsidence period.

» Itisassumed that rather than repairing the closure cap at each subsidence event, as done under
the traditional methodology, the following will be performed:

- Subsidence holes will be filled in with soil to maintain the grade and promote runoff as
they occur. The costs associated with this activity are considered to be covered in the cost
estimate for the cap replacements, since these costs include site pre-contouring and
foundation soil placement costs.

- Theentire cap will be replaced periodically during the duration of subsidence. The
frequency of cap replacement will be based upon the rel ative subsidence potential
associated with each case. It isassumed that the cap replacement frequency varies
inversely with relative subsidence potential. The cap replacement frequency for the ISC,
WSHF/SCF, and TDC case will be assumed to be 10 years; all other cap replacement
frequencies will be determined based upon this case. The old cap will not be removed, but
anew cap will be placed directly on top of the old cap.

» Based upon a previous calculation, the cost of a4.28-acre FML/GCL closure cap is assumed to
be $2,396,082 and the cost of a 2.61-acre cap is assumed to be $1,470722.

» Thefollowing table provides the relative subsidence potential, subsidence period, and the
closure cap surface area. The values in the table are based upon previous calculations and
assumptions.
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Table A-15. Closure Cap Subsidence Repair Cost Parameters

Relative Closure Cap
Subsidence Period Subsidence Surface Area
Subsidence Treatment (years) Potential (ft) (acres)

ISC 200 to 300 13.616 4.28
ISC and WSF/SCF 200 to 300 11.702 2.61
ISC and SDC 100 to 150 10.402 4.28
ISC and TDC 100 to 150 7.189 4.28
ISC, WSF/SCF, and SDC 100 to 150 9.151 2.61
ISC, WSF/SCF, and TDC 100 to 150 6.601 2.61

Closure Cap Subsidence Repair Costs Calculations:

Table A-16 through Table A-19 provide a summary of the closure cap subsidence repair costs.

Table A-16. Assumed Duration of Subsidence During Which the Cap Will Be Replaced

Subsidence Period Dur ation of Subsidence
Subsidence Treatment (years) (years)

ISC 200 to 300 300 - 200 = 100
ISC and WSF/SCF 200 to 300 300 - 200 = 100
ISC and SDC 100 to 150 150 - 100 =50
ISC and TDC 100 to 150 150 - 100 =50
ISC, WSF/SCF, and SDC 100 to 150 150 - 100 =50
ISC, WSF/SCF, and TDC 100 to 150 150 - 100 =50
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Table A-17. Cap Replacement Frequency

Relative
Subsidence
Subsidence Treatment Potential (ft) Cap Replacement Frequency (years)
ISC 13.616 = (6.601 ft + 13.616 ft) 10 years
= 4.8 years
ISC and WSF/SCF 11.702 = (6.601 ft + 11.702 ft) 10 years
=5.6 years
ISC and SDC 10.402 = (6.601 ft + 10.402 ft) 10 years
= 6.3 years
ISCand TDC 7.189 = (6.601 ft + 7.189 ft) 10 years
=9.2 years
ISC, WSF/SCF, and SDC 9.151 = (6.601 ft + 9.151 ft) 10 years
=7.2years
ISC, WSF/SCF, and TDC 6.601 10 years assumed

Table A-18. Number of Cap Replacements

Duration of | Cap Replacement
Subsidence Frequency Number of Replacement
Subsidence Treatment (years) (years) Caps
ISC 100 4.8 =100+ 4.8
=20.8
ISC and WSF/SCF 100 5.6 =100+ 5.6
=178
ISC and SDC 50 6.3 =50+6.3
=79
ISC and TDC 50 9.2 =50+9.2
=54
ISC, WSF/SCF, and SDC 50 7.2 =50+7.2
=6.9
ISC, WSF/SCF, and TDC 50 10 =50+ 10
=5
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Table A-19. Cost of Cap Replacement

Number of Cost per
Replacement | Replacement Relative Cap Subsidence Repair
Subsidence Treatment Caps Cap ($) Cost - Cap Replacement Method ($)
ISC 20.8 2,396,082 | =20.8 x 2,396,082
= 49,838,506
ISC and WSF/SCF 17.8 1,470,722 | =17.8 x 1,470,722
= 26,178,851
ISC and SDC 79 2,396,082 | =7.9 x 2,396,082
= 18,929,048
ISC and TDC 5.4 2,396,082 | =5.4 x 2,396,082
= 12,938,843
ISC, WSF/SCF, and 6.9 1,470,722 | =6.9x 1,470,722
SDC = 10,147,982
ISC, WSF/SCF, and 5 1,470,722 | =5x 1,470,722
TDC = 7,353,610

Closure Cap Subsidence Repair Costs Summary:

* The cap subsidence repair costs from both the traditional method and the cap replacement
method are presented in Table A-20. These costs are assumed to represent the range of
possible closure cap, subsidence repair costs based upon the capping and repair strategy

implemented.

» Thetraditional method of closure cap subsidence repair is based on the typical requirements
associated with RCRA/CERCLA closure caps. This method consists of closure cap repair
immediately after each subsidence event occurs, during the anticipated duration of subsidence.

» The cap replacement method consists of filling subsidence holes with soil to maintain the
grade and promote runoff as they occur and of replacing the entire closure cap periodically
during the duration of subsidence at a frequency based upon the relative subsidence potential
associated with each case. The old cap will not be removed, but a new cap will be placed
directly on top of the old cap.
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Table A-20. Cap Subsidence Repair Costs

Relative Cap
Relative Cap Subsidence Repair Traditional
Subsidence Repair Cost - Cap Method to Cap
Cost - Traditional Replacement Replacement

Subsidence Treatment Method ($) Method ($) Method Ratio *
ISC 151,667,880 49,838,506 3.0
ISC and WSF/SCF 75,211,500 26,178,851 29
ISC and SDC 115,981,320 18,929,048 6.1
ISC and TDC 80,294,760 12,938,843 6.2
ISC, WSF/SCF, and SDC 59,650,500 10,147,982 5.9
ISC, WSF/SCF, and TDC 41,496,000 7,353,610 5.6

! Ratio = Traditional Method Cost + Cap Replacement Method Cost

ISC = Interim Soil Cover

WSHF/SCF = Waste Sort Facility / Super Compactor Facility
SDC = Standard Dynamic Compaction
TDC = Tertiary Dynamic Compaction

Page 113 of 192




APPENDIX A - CALCULATIONS

SECTION A-9

WSRC-RP-2001-00613

This page intentionally left blank.

Page 114 of 192




APPENDIX A - CALCULATIONS WSRC-RP-2001-00613

SECTION A-10

A-10 Relative Cost of Cumulative Operating and Maintenance

Assumptions:

» Based upon previous calculations and assumptions, the closure cap over an Engineered Trench
containing B-25s, which have been processed through the WSF/SCF, has a surface area of
2.61 acres.

» Based upon previous calculations and assumptions, the closure cap over an Engineered Trench
containing B-25s, which have not been processed through the WSF/SCF, has a surface area of
4.28 acres.

» Itisassumed that Operating and Maintenance (O& M) costs will be incurred until the
subsidence period for each case has been completed.

» For B-25sthat are not dynamically compacted, a period of B-25 box structural collapse
(i.e. asubsidence period) has been assumed to be from 200 to 300 years after burial.

» For B-25sthat are dynamically compacted, a period of B-25 box structural collapse (i.e. a
subsidence period) has been assumed to be from 100 to 150 years after burial and dynamic
compaction.

» Itisassumed that the closure cap over the Engineered Trench will consist of a high-density
polyethylene (HDPE), flexible membrane liner (FML) over a geosynthetic clay liner (GCL)
over aclayey sand foundation layer.

» A direct linear relationship is assumed between cost and the acreage of the closure cap.

» [tisassumed that the Operating and Maintenance costs associated with FML/GCL closure
caps can be determined from the 2 and 5 acre cap estimates as determined from a 1993 study
(Bhutani, et al., 1993). Table A-21 presentsthe O& M costs, excluding subsidence repair
costs, for a2 and 5 acre FML/GCL closure cap. The subsidence repair costs were evaluated
previoudly.

TableA-21. FML/GCL Closure Cap Yearly O& M Estimates (Excluding Cap Subsidence

Repair Costs)
1993 2-Acre 1993 5-Acre
Closure Cap O&M Activities FML/GCL Cover ($)| FML/GCL Cover ($)
Monthly Inspection 4,500 5,400
Annual Subsidence Survey 1,500 1,800
V egetative Cover Maintenance 1,200 2,500
Total Closure Cap Yearly O&M Cost 7,200 9,700
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Cumulative Operating and Maintenance Cost Calculations:

* Theyearly O&M cost for a closure cap over an Engineered Trench containing B-25s, which
have been processed through the WSF/SCF, has been calculated as follows:

Closure Cap Acreage = 2.61 acres

The cost has been escalated from 1993 to 2001 based upon ayearly 3% inflation rate (8 years
at aF/P factor of 1.2668) (Grant, et a., 1976)

Yearly O&M Cost = 1.2668 x ($7,200 + (($9,700 — $7,200) x ((2.61 - 2) + (5 - 2))))
= $9,765

* Theyearly O&M cost for a closure cap over an Engineered Trench containing B-25s, which
have not been processed through the WSF/SCF has been calcul ated as follows:

Closure Cap Acreage = 4.28 acres

The cost has been escalated from 1993 to 2001 based upon ayearly 3% inflation rate (8 years
at aF/P factor of 1.2668) (Grant, et a., 1976)

Yearly O&M Cost = 1.2668 x ($7,200 + (($9,700 — $7,200) x ((4.28 - 2) + (5 - 2))))
= $11,528

» Table A-22 provides the closure cap surface area, the yearly O&M cost, and the subsidence
period associated with each case:

Table A-22. Closure Cap Parameters

Closure Cap
Surface Area Yearly O&M Subsidence
Subsidence Treatment (acres) Cost ($) Period (years)

ISC 4.28 11,528 200 to 300
ISC and WSF/SCF 2.61 9,765 200 to 300
ISC and SDC 4.28 11,528 100 to 150
ISC and TDC 4.28 11,528 100 to150
ISC, WSF/SCF, and SDC 2.61 9,765 100 to 150
ISC, WSF/SCF, and TDC 2.61 9,765 100 to 150
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The relative cumulative O& M cost has been calculated in Table A-23 for each case:

Table A-23. Redative Cumulative O& M Cost

Subsidence Treatment Relative Cumulative O& M Cost ($)
ISC = $11,528/year x 300 years
= 3,458,400
ISC and WSF/SCF = $9,765/year x 300 years
= 2,929,500
ISC and SDC = $11,528/year x 150 years
= 1,729,200
ISCand TDC = $11,528/year x 150 years
= 1,729,200
ISC, WSF/SCF, and SDC | = $9,765/year x 150 years
=1,464,750
ISC, WSF/SCF, and TDC | = $9,765/year x 150 years
=1,464,750

Table A-24. Cumulative Operating and Maintenance Cost Summary:

Subsidence Treatment Relative Cumulative O& M Cost ($)
I1SC 3,458,400
ISC and WSF/SCF 2,929,500
ISC and SDC 1,729,200
ISCand TDC 1,729,200
ISC, WSF/SCF, and SDC 1,464,750
ISC, WSF/SCF, and TDC 1,464,750

ISC = Interim Soil Cover

WSHF/SCF = Waste Sort Facility / Super Compactor Facility
SDC = Standard Dynamic Compaction

TDC = Tertiary Dynamic Compaction
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A-11 Relative Subsidence Potential and Cost Summary

Table A-25 through Table A-37 summarize the subsistence potential and cost summary.

Table A-25. Relative Subsidence Potential Summary

Relative
Relative Subsidence
Subsidence Treatment Subsidence Potential
Method Potential (ft) Reduction (%)
ISC 13.616 9.9
ISC and WSF/SCF 11.702 22.6
ISC and SDC 10.402 31.2
ISC and TDC 7.189 52.4
ISC, WSF/SCF, and SDC 9.151 39.5
ISC, WSF/SCF, and TDC 6.601 56.3
Table A-26. Relative Closure Cost Summary
Relative
Engineered
Trench Relative Relative Total
Design and | Subsidence | FML/GCL Relative
Subsidence Treatment |Construction | Treatment | Closure Cap Closure
M ethod Cost ($) Cost ($) Cost ($) Cost * (%)
ISC 3,096,000 10,794,720 2,396,082 16,286,802
ISC and WSF/SCF 1,800,000 38,785,728 1,470,722 42,056,450
ISC and SDC 3,096,000 12,696,018 2,396,082 18,188,100
ISC and TDC 3,096,000 14,378,776 2,396,082 19,870,858
ISC, WSF/SCF, and SDC | 1,800,000 39,983,327 1,470,722 43,254,049
ISC, WSF/SCF, and TDC | 1,800,000 40,962,386 1,470,722 44,233,108

! Total Closure Cost = Design and Construction Cost + Subsidence Treatment Cost + Closure Cap Cost
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Table A-27. Closure Cost to Subsidence Potential Reduction Ratio

Relative Closure Cost per
Subsidence Subsidence Potential
Subsidence Treatment Total Relative Potential Reduction *
Method ClosureCost ($) | Reduction (%) ($/%)

ISC 16,286,802 9.9 1,642,457

ISC and WSF/SCF 42,056,450 22.6 1,860,905
ISC and SDC 18,188,100 31.2 582,952
ISCand TDC 19,870,858 52.4 379,215

ISC, WSF/SCF, and SDC 43,254,049 39.5 1,095,039
ISC, WSF/SCF, and TDC 44,233,108 56.3 785,668

! Closure Cost per Subsidence Potential Reduction = Total Closure Cost + Subsidence Potential

Reduction

Table A-28. Traditional Method Relative L ong-Term Maintenance Cost Summary

Relative Cap
Subsidence Repair Relative Total Relative Long-
Subsidence Treatment | Cost — Traditional Cumulative term Maintenance
M ethod Method ($) O&M Cost ($) Cost* ($)

ISC 151,667,880 3,458,400 155,126,280

ISC and WSF/SCF 75,211,500 2,929,500 78,141,000

ISC and SDC 115,981,320 1,729,200 117,710,520

ISC and TDC 80,294,760 1,729,200 82,023,960

|SC, WSF/SCF, and 59,650,500 1,464,750 61,115,250
SDC

|SC, WSF/SCF, and 41,496,000 1,464,750 42,960,750
TDC

! Total Relative Long-term Maintenance Cost = Cap Subsidence Repair Cost + Cumulative O& M Cost
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Table A-29. Traditional Method Long-Term Maintenance Cost to Subsidence Potential Reduction

Ratio
Long-term
Total Relative Relative M aintenance Cost
Subsidence Treatment Long-term Subsidence per Subsidence
Method M aintenance Cost Potential Potential Reduction !
$) Reduction (%) ($/%)
ISC 155,126,280 9.9 15,669,321
ISC and WSF/SCF 78,141,000 22.6 3,457,566
ISC and SDC 117,710,520 31.2 3,772,773
ISC and TDC 82,023,960 52.4 1,565,343
ISC, WSFHSCF, and SDC 61,115,250 395 1,547,222
ISC, WSF/SCF, and TDC 42,960,750 56.3 763,068

! Long-term Maintenance Cost per Subsidence Potential Reduction = Total Long-term
Maintenance Cost + Subsidence Potential Reduction

Table A-30. Traditional Method Total Relative Cost Summary

Total Relative Long-
Subsidence Treatment Total Relative term Maintenance Total Relative
M ethod Closure Cost ($) Cost ($) Cost *($)
ISC 16,286,802 155,126,280 171,413,082
ISC and WSF/SCF 42,056,450 78,141,000 120,197,450
ISC and SDC 18,188,100 117,710,520 135,898,620
ISCand TDC 19,870,858 82,023,960 101,894,818
ISC, WSF/SCF, and SDC 43,254,049 61,115,250 104,369,299
ISC, WSF/SCF, and TDC 44,233,108 42,960,750 87,193,858

! Total Relative Cost = Total Closure Cost + Total Long-term Maintenance Cost
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Table A-31. Traditional Method Total Cost To Subsidence Potential Reduction Ratio

Relative Subsidence Total Cost per

Subsidence Treatment Total Relative | Potential Reduction | Subsidence Potential
Method Cost ($) (%) Reduction * ($/%)

ISC 171,413,082 9.9 17,311,779

ISC and WSF/SCF 120,197,450 22.6 5,318,471

ISC and SDC 135,898,620 31.2 4,355,725

ISC and TDC 101,894,818 52.4 1,944,558

ISC, WSF/SCF, and SDC 104,369,299 39.5 2,642,261

ISC, WSF/SCF, and TDC 87,193,858 56.3 1,548,736

! Total Cost per Subsidence Potential Reduction = Total Cost + Subsidence Potential Reduction

Table A-32. Traditional Method Total Relative Cost Summary

Total Relative Long-
Subsidence Treatment Total Relative term Maintenance Total Relative
M ethod Closure Cost ($) Cost ($) Cost ' (9)
ISC 16,286,802 155,126,280 171,413,082
ISC and WSF/SCF 42,056,450 78,141,000 120,197,450
ISC and SDC 18,188,100 117,710,520 135,898,620
ISCand TDC 19,870,858 82,023,960 101,894,818
ISC, WSF/SCF, and SDC 43,254,049 61,115,250 104,369,299
ISC, WSF/SCF, and TDC 44,233,108 42,960,750 87,193,858

! Total Relative Cost = Total Closure Cost + Total Long-term Maintenance Cost
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Table A-33. Traditional Method Total Cost to Subsidence Potential Reduction Ratio

Relative
Subsidence Total Cost per

Subsidence Treatment Total Relative Potential Subsidence Potential
M ethod Cost ($) Reduction (%) | Reduction® ($/%)

ISC 171,413,082 9.9 17,311,779

ISC and WSF/SCF 120,197,450 22.6 5,318,471

ISC and SDC 135,898,620 31.2 4,355,725

ISC and TDC 101,894,818 52.4 1,944,558

ISC, WSF/SCF, and SDC 104,369,299 395 2,642,261

ISC, WSF/SCF, and TDC 87,193,858 56.3 1,548,736

! Total Cost per Subsidence Potential Reduction = Total Cost + Subsidence Potential Reduction

Table A-34. Cap Replacement Method Relative Long-Term Maintenance Cost Summary

Relative Cap Relative Total Relative L ong-
Subsidence Treatment | Subsidence Repair Cumulative term Maintenance
M ethod Cost ($) 0&M Cost ($) Cost * ($)
ISC 49,838,506 3,458,400 53,296,906
ISC and WSF/SCF 26,178,851 2,929,500 29,108,351
ISC and SDC 18,929,048 1,729,200 20,658,248
ISC and TDC 12,938,843 1,729,200 14,668,043
ISC, WSF/SCF, and SDC 10,147,982 1,464,750 11,612,732
ISC, WSF/SCF, and TDC 7,353,610 1,464,750 8,818,360

! Total Long-term Maintenance Cost = Cap Subsidence Repair Cost + Cumulative O& M Cost
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Table A-35. Cap Replacement Method Long-Term Maintenance Cost to Subsidence Potential

Reduction Ratio

Long-term
Total Relative Relative M aintenance Cost
Long-term Subsidence per Subsidence
Subsidence Treatment M aintenance Cost Potential Potential Reduction *
Method (%) Reduction (%) ($/ %)

ISC 53,296,906 9.9 5,383,526

ISC and WSF/SCF 29,108,351 22.6 1,287,980
ISC and SDC 20,658,248 31.2 662,123
ISC and TDC 14,668,043 52.4 279,924
ISC, WSF/SCF, and SDC 11,612,732 395 293,993
ISC, WSF/SCF, and TDC 8,818,360 56.3 156,632

! Long-term Maintenance Cost per Subsidence Potential Reduction =
Total Long-term O&M Cost + Subsidence Potential Reduction

Table A-36. Cap Replacement Method, Total Relative Cost Summary

Total Relative Long-
Subsidence Treatment Total Relative term Maintenance Total Relative
M ethod Closure Cost ($) Cost ($) Cost ' (9)
ISC 16,286,802 53,296,906 69,583,708
ISC and WSF/SCF 42,056,450 29,108,351 71,164,801
ISC and SDC 18,188,100 20,658,248 38,846,348
ISCand TDC 19,870,858 14,668,043 34,538,901
ISC, WSF/SCF, and SDC 43,254,049 11,612,732 54,866,781
ISC, WSF/SCF, and TDC 44,233,108 8,818,360 53,051,468

! Total Cost = Total Closure Cost + Total Long-term Maintenance Cost
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Table A-37. Cap Replacement Method, Total Relative Cost To Subsidence Potential Reduction

Ratio
Total Cost per
Subsidence
Total Relative Relative Potential
Cost — Cap Subsidence Reduction—Cap
Subsidence Treatment Replacement Potential Replacement
Method Method ($) Reduction (%) | Method * ($/ %)
ISC 69,583,708 9.9 7,028,657
ISC and WSF/SCF 71,164,801 22.6 3,148,885
ISC and SDC 38,846,348 31.2 1,245,075
ISC and TDC 34,538,901 52.4 659,139
ISC, WSF/SCF, and SDC 54,866,781 39.5 1,389,032
ISC, WSF/SCF, and TDC 53,051,468 56.3 942,300

! Total Cost per Subsidence Potential Reduction = Total Cost + Subsidence Potential Reduction
ISC = Interim Soil Cover

WSHF/SCF = Waste Sort Facility / Super Compactor Facility

SDC = Standard Dynamic Compaction

TDC = Tertiary Dynamic Compaction
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DS 0838 AN
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Pirasz share his nformation with whomever in your organization nesds 1 (Eimar Whithite, eic.)

If wouy have any queslions, please call me @ 2-3298

N

LLW Calcukalion Sheals. :
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Garyll Bonker To: Eimar Wilkiba W 3RCSnd B
o

&I:I,F:IGI Informalion neoded 1o 0OMmpiots SURGIMOMPECToN OO0 udy

CHMAENA 0447 FM

eee Forwmncisd by Gangd BunkenBGRISe on DSAG0 01:43 PR -

Oary3 Bluinke T il ThormasWERCSea i Bra, Mirk SaceishBIAS @ Sre, J
Fastg b BER1E S

L=
Subpert: Information rosded o complele Supercompaction ool sludy
DRSS 1208 PR

CHT, Dioursd g Biike G B G0 up with Some guick arswin o Wihie's questions below. Ploase kf me
ke H you need any additional infomaltion. < Gary B, 2-3595

= Fgrapnded by Garg(tl BuskanBSALSERS on OB'TET 0730 AR

Elrsaar Wilhite Ta: Gl ThomasAWERC S & Bra
o2 Mafi PhilerWERCIEn & B, Ed Sievans WERCEnm @, Tom
Bunchat PSR S, bm CookWERACSmaan
Subject: Infeemation nseded to compleie Supsnoompaciion ool shady

DI 4210 PR

CHT;
Py fimen & numier of cuessatione feam Mark Priler (hel will need your gl They an:

1) Far the supamomgsaction cis apgrosinately 200,440 55-galion dnams vwould be rquired o
pompant wasla in tha B-25s in e Supeecompaction case. Wil the cost of thesa drums be included i
e Vecaryy Supercormgdction Ciosl peowided by SWD oF shoukd we Fal Theen sapanalal? 1l we &% ko
list them separately what |s the 0ost par 55-gatlon drum?

A1) SWD purchasss 55 gallon drume from Palae on mdiiple purchase ordars. Thesa oosts ang
incuded in the basaline for both the S0F and the WEF.

32) Wo nood the yearly cost that SWD0 want us by inckede jor oparation of the Supsecompaciion

tcility and wa messd 1o lrow Fow many supsecompecied B-253 are produed per yaar. 'Wha will
provice This infomation?

&2} Thess costs are included n the baseing nlormation | provided Tom Butcher 6n Mondsy, Thass
coEls wary slightly year By year & the wolumas changs, though genarally thay stay in a faiy Sgh
range. Molp fhat these costs ane direct only (no SOWESS) and they dorl inchude any Rty support
progenm managament apraad. H thess varos eddsrs B requiced, plonss loi ma know. Included
with these costs ans the: projected volurms (/) input per yearn 1o 8 SCF. 1 agsurmes ywou will e abis
o carnait thass wilamas imo 55 gallien drum &nd B-25 aguivalants.
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33} Should we doubls check the $500 / B-25 box cost at the sama time thal we are geting othor
niomation from SWDF

AT B-255 i gtormas ang leled 61 3500 por bk, Less Joday, Foweser, s5alad thal the sie purchazes
Thess iberns on P 0L CO0 B54 dor §289011 par bow. Add 10 1 his is e inspaciion ooal which sppaan
10 ba exiremaly variable. Gaen historcal cost dala provided oy Josay and Tony Masol, an avesage
rspoction casl par B=25 i 34 par o, Joday, oassvad, stabed thal SWD purchases relalively low
B-258 which wis comoborafed by Lee Fox, who stated tha most o #e B-28s usad ol #a SCF ane
“used” having already Desm sani by i wadla Janeeaiirs and processed through the WEF.

CH) Tha dynamic compastion coel dala thal | Fiwe & basad upon wark padormesd in 1958 and the
repair ool may boe from oven oarlier cost dala. Showld e dalos assockabed with e oosl astmetes

B EsAad or ahonld aach ecilifnuihos D eddilalid Eased upon some infalion rale® I escalation s fo ko
perommed whal nllalion ale shoukd we usat

A} The lanest cogls are in the basalng data | prosided Tom Buchar en Mondsy, Thoss costs shoukd
supariede amthing fom 1998 As noled under (A2, these cosls do nol include any SOHESS o
Lacliny Bppoi | DRogRa® manajemenl ghiaads. FurFeomors, Ty ane unascalaled in cumenl dolars.
| assuma a fial 3% oscalabion would ba adepala, Mark, any idaas on this particuls poinl?

Well need this imlormation 10 Snalios our sludy.

Elmer
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SECTION B3
Eary 0} Bunkes Tor Mark Phifs NSRS il
CETTA 0421 B e Bich Aphaard WS RESmgiSm, T ThomasWERCErs S, Eima

TSR CoErsf Bra, Jirm CoskAWER S Eers, Tom
BulchenWERC S S, Wellardd GoklsionWSRG SrefiSes, Mark
Sackash M SRS S J PovegboBERLSs x5

Subject: Ao Addional nfermation Mesds from SOm{E

For wahil ils warth, iy inpat 10 bame Eakow foliow sach question
Rdark Phifer

Mark Phifer To: Elmer WihHeWERCEm@ B
= Bok AybwmeWESRESrsE Srs. Tom BulcherWERCISmsSn, Jim
CookSAEA S s, Gl Thomes WSRCS mES, Gangd
BunkerBERVErs S, Wallond0d Gakislonfie RSl

ﬁl.b:p:l' Ardfional infonmal hapge by
05T 1200 PR = i

Elmar thia fallowing am queslions thal wa £l nesd by hive ardwansd by SWD. We nessd anseers 1o
all of thess questicns o make sure et we ane proyiding as appropnale @ cost oompsanisan &
prcasibka

1) Are wea b0 use tha combined oostol 34,310,875 par yaar for the Wasta Sorl Facity ($2 600 567

pai i b and Soper Compader Faclity (39, 700 200) provided by Gary Bunker for our Super
Compaction Cost in cur exaluaton?

A1} | don't know the preciss scope of this study 501 can help an this quastion.

&2} How may Supsr Compacisd B-29s ares produced peer year? We need this numbses 1o koo b
mrany yaars worth of Supar Compaction Costs to includae in our evaluation. Thal i, our avaluation is

Eatsed upon 7,238 B-25a hat have Bean Super Compachad a5 we nesd b corwert thal into a number
of years.

AL The LLW waste algorthm should contain the appropriate hislons data in regands fo volame (m3).
| nink you need boowork with WD Operatons o derve the stalslics on e Manoss conlaineds

03] Dok thin 34319475 par yoar inclada the cost of the sssocialad B-25 Boses of ik hal 8 sefere
cost? Wit is a separste cosl, what is the cost of sach indridual B-25 bax? $500F

A3} The $4,319A75 i for SWD cotls only, ITwasle genecaiars ahip ther wasie 1o ua in B-25s, and
Wi nouse Thom, hoss oosis are nok iIncluded.

Q) Doms Fe 54, 110 ATS por yedr incude B cosl of B associaled S5-gallon dums o s thala
soparabe cost? H it s a sepamle cost, what is the cost of each indhadual BE-gallon drum? This coulkd
b imparan, fincs for the Supar Compaclion casa nmdm.iﬂ" 280 440 55-gakon drums woidd ba
required 4o compact washe in the: [-25s,

Ad| Both the SCF and the \WESF budgets inchaie sibslantal budgets far ihe purchass of 55-gallon
drums, pariculary fose recond Bonesd dums feom IFCOD Indusinial Conlainer Sysiems in Charkoths,
M ab o el ol mughly 313 par diem, 10 B aslimans, thass dnam ok ang inchudsd under the Palax

subcontract. There is additicnal material budget in Fese sslimates thal could be used for additonal
drumn purchases B needed
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0O5] The dynamic compachian cost daia ihet | have is based upen work performed in 1558 and the
repair cost may be fom sven earber costbdata. Should the dates assocdated wilh the cosl estimales
ba kted o should such ealirmabas B ascabated hassd upon some inflston ae? W escalabion i i b
peformed wiat inflabon rale should we use?

AL} Note that the WD costs | prowided Tom Buichar do ndl indide sy SOHESS or acility suppart
pregram mardgemanl spreads.  Furthermore, they ars unescalafed in currend dollars. Plessis B gure
that the “dynamic compaciion” cost data is similar in wha @ does and does nol nchade, As for as
el plion i condsied ko “dysasis corpacion " I'd assume a fat 1% escalafon mle woukd b
adequale. Mark, any ideas on this parbcular poant?

Q) Thes cynamic compachon costdaty and probatly the repair cost data ek | have s o the
subooniracior cogts cnly and do rod inchata RadCon, Engirsaiing, Design, Operation, QGO efc.
syppit. Doowe want e whal 1o 50d sy a 50% morease in thess cost o make Seim mons eguiasnl
o e Super Compacion Costs provided by BWDT This B reasonsdle hatad upan our espenenoe
with the MWAIF whem the overall project cost was S38MM and the subconmimoion cosi wes 317 o
F1ORIR For dymamis: eomgucion akong | da mol baleve thal we would have 3 100% increase over
1h= suboonirachorn cosis.

5] I'd be abk: b comment 01 Rad a full ondarsianding of whal tha “dynamic compacion” cont
seimale nolades
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Garylls Bumnbsr Ta Mark PhPec S RE S S
co Bob Ay dAWERCSra S, r:rHThmnn“sF:w—,m Eirmer
R v P VAN EANEATISES, Jin CoskAnER

Collard AESACISeRIErs, Lany 'murw.l.mnwh Michasl

SepraloWHR S fSes, Tom BulcherWERC/Sra Sen, Walloedl %
Gl B RO Sral S

Subject: Ra: llems for Revies and Questions[&

1. Regarding s cost por B-25 issun, he problam & fhel the ol esimais i derved fom volumes in the
5D Baseline which are far greater than the volumes in this study. In FY0E the study & eesuming T3
B-I55 aned in Y03 700 B-255. Thia BWD Basaling, on ¥ olhar kand, ataumes thal these cosis ane
supporting 4,574 m3 n FY02 and 5524 md in FYDJ. Hthe SWD Bassline volames are consiadansd

mcourane, han th smaller wolumes covanad in this shedy should orly B usng 8 fracion of $e bassline
COER.

& Regarding the Enginetred Trench cosd issue, each trench will be able 1o hold only 11,400 B-255 instead
1Z,000. This is because, per Shawn Reed, phases 1 and 3 of aadh ranch conlain & sump wihich reduces
i lslal capadity o 4 000 B-258 2 3,700 B-253. Phase 2 & =t sxpeciad bo condain £ 000 B-255. In
round rembers, o good capital cost estimate for cach phase i $S0060 [diract), The direst gperating cost

For diapaeal, pae tha SWD Baisling, B $Bam3

Mark Phifar
Bark Phifer Teo Elmer WEhBaAWERCIENSEns, Cif ThemasWIRC B Sm
o Tom Buche WSRO mE Sm. Bob Aysard WS RCISm Brs
Wkabiared) ol onWERC el s, GarglD) Durlar SR
Lesoy WilkmsAWERC/Ensd Era, Loanand Coland WS RS m@ S, Jim
D01 01:51 Fi Sasbjl: Enumrm.immdc?:uwt
Elmar and CHIT,

This e-mail replies 1o CHT's question cancemming e 0540 spit and Sonny's and Garny's
conceming the numbal of supsrcampicisd B-258 produced per year, | will call CIff o dsass his
questian conoerning the long term mantenance costs. | also have several calculation Mas Tt nesd

reviewing fo determing # the numbers and assumpions are comsct and reasonable. Addiionally at the
and of Sis e-mail | have addikonal questions that need o be answened. | an nol prooesd with compiion

of the subsidencs pobeniial caloualons and the ool cakiulatons untl this indormation s reviewed and e
guesions answerned. Thanks for your review and inpul.

The folicwing are the results of the: calculations and the assodaled supporting calculabion files:
- The sverags denaly ol urcompacied B-255 placed within an Engingansd Tranch conlaining only

wrcompacted B-26 has been cakulsted at 01807 grams J cubic centimeter. Sea the attached fie for
e Beaais ol thia feanbsr (ET wilh anly Uncompacied B-255 Calkes doc™)

ET with only Uncompacied B-25s
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= The average densiy of B-2hs placed within an Enginesred Tranch thal hin been proces sed
rough the WSFISCF & 01,3616 gramms § asbic centimeter. For every 21.5 supercompactsd B-25
Doens &t an average dersly of 07207 grama { cubic cantimalar iharg are 402 vncompacied B25
bbomes at an average dersity of (3006 grams ¢ cubic centmeler. See the attached fe for the besis of
Tis rambar CET wilh WSF-5CF B-25 Préaeaing Cake doc™). This file also contains a WEFIECF
process Ao diagram, which fonmes the besis for understanding tha masbar snd density of B-28 boes
sasociied wilh proceseng through he WSFISCF, This should provide the answar i CIEFs G000
spit queston.

ET with '.'i‘SF-SEg B-25 Processing

-1,E2 B-25 banas in an Bnginganad Trench conl@ining only uncompscted B-25: is equivalent on a
mass bazis to 1 box in an Enginesred Trench containing B-25s which have been procasesd thisugh
tha WEFSCF. Sea the aRachaed Ba for T basis of this nuenber CTrench B-25 Mass
Equaalency.docy

Tranch B-F5 Mass Equivaien

- A cost of §5,643 / suparcompaciod B-25 boy Fas bean calculaled Based wpen 1he cosl information
prarwided by Gaary Bunker and the number of supesssompacted boes produced per year prosided by
Lot VWiBlams. Sk the atoored e for the s of his numbss POoast par Sujpssosmpacted B-25
Bz dhos®], Thid provicks (i Baeii Tor the frsbar of sepamompdcied boxes producsd per year that

we uted in answer o Sonney's and Gany's question. IF any of these numbers Favs Bsan Fearect
e wir need mpul fnem SWD b cornect tham,

Cosl par Suparcompacied B-25

The following & a question for Elmes:
(Cacemeg fhe Tabhe 4 B-25 box wasle densiies axchade ihe B-25 box el fom e density®

Thas foloraieg i® & quastion for bofh Elmer aead CIT (50T
O thes 70 3% af e B-254 That pass the WEF scresning criteria, & thens a diference in density
bebopperm thie B-25s fhat can be compacied versus the 15% thal pass the WaF screaning critiria bl
il 8 gl be compactsd? Can wa deferming Thean denaiies Inom gur Table 4 data, # thers iz a
dfenence?

The following @ a question for Gl & SWD
hal i tha cosl of eonstructing and operating one Engineered Trench conlaining 12,000 B-25 Boxas
{150 oot by S50 foot trench)? This informbion i& necssiary snos e cosl wil wany depending upon
witiedret o nol WSFISCF s uhikned.

Thanks,

Mark
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Hathenied Raoikdy T Elrvest Wikt BRIC! B 5 5§
PP w0 S Cosh WERCISEE S, Leonard Colwa W SRCIGREEE, Don
R DTS A SinkMEAESe, VWillam Eropl A SAE eSS, lewshe
Kubkraja/BSAIS TS, Kavin Tamgab®% SAC S iESe
Gobjpsor: Ri: B Duastion
Elrridi,

Pleass fird srswens in blue text below. Someonae in Don Srks crganization should be able 1o
prevade pou The anavees 10 your cuaation aumbar 3.

Tranke!
Bzt Wilhioe
Evmier Wb To: Mathanksl RodoyWERC el S
£z Gm Copk WSRG SeBiee, Leonard Colbaed S i@ Sm
Subjeci: More Cussfmn
CH 1IN0 T P
Pulaf:

I've plisched & shaal gummericing st of the dats you've sapplad |I"we left out ol the
micelaneous comaings typesl. From the waste densities, we can estimate the subsidence potantial

of the boxes, We nasd goms mors mloemation, howeve, 5o, geuld yau think about the Rollowing
quastiang Ter ual

1. Mow many pucks go into 8 box of supsrcompecied wasin® What'as the waight of the ampay
drum chil Becomas o puck?

Flagporon; Ligrg tha 7a9 SOF cantaines maabing hae ET limits, thens ae:
Bunrage = 40 pompoaciad deums
Pladipn = A% compaeciad doums
Mamimum = B8 compacied dnars
¥ ey 24 compached dnars
. . = 7.5 competied drums

Weight of ampty drum = Asarage 36 ks o+ 20%. based on Comviainer
B O

2. How could we estmate the Trection of waste that is compactiole in the supsrcampasien T

Rz safoarnfing : | v incheded o few folis froon BWEILLYW on copy disiribubon, | em cadam By
herve his Frormsiion readity Fvallsbin

Tranks opsin for all ihe Feip!

Elmar
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Meaw Fackage Data oo
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B-6 Roddy, N. S, Internal SRS Email Dated 4/21/01 (2001b)
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HMathasiel Aoddy To: Eimer Wihe\WSHE SreD S
i ez: Anihony Hayee W SRCS B G, Jim Ceok WSRO Sral B, Lssnand
e b Colland WERC BB

Tihimcic Fe: Wasin |;n}l1|ﬂrl-|r|l'l|l:lll11.|l|l'l1D

Elrniar:

Hare = the attached fie leting, by containgr 1ypa, 8l confmrars wills wadbDe maating tha W3F

sABENIreg criberia

ET - NOT COMPACTED - DONTMNERT MEETTNG WEF. i3

Thase are wasle coraines with not yet compaoted waste, There were BTBE cortainers of not yet
compacied wasbe, Cut of the fotal, 4044 corvlaines mal tha WEF scraaning efflania, This lavas
1715 or 29.7% of the comainens that Tabed the soreening.

Pleasa relar to your s-mail messsgs below for fhe responees o year edhar quastians s bk e,

Thanks!
Elrm Wiilhing

Elrai Wikifie Tee Waihanml Foddy WSRC Sl G

cr: Jim CockWERC S, Leosard Colard MERCSrsl@Sre. Anthony
Hayaa\WERC BB b
Sulbjec; Wasi Conpines Indoemaiken

DU EAD T O P

Mtz

dm gyl |'va Toursd & b mone quesiiord 10 aak. 'm ceriainly gled you're 5 patenk gusyt
QK. har go;
1. #fre we still ysng the 253-H compactar?

Response: Mo, | bakaye the T53-H compacier was g daven around 1he beginning of ©Y TS,
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2. Whan yiu hed geni the ree dela 1o me st wesk, you bad ncluded 4 sprasdshaets. Twa of
i corlairisd Wl the wancen cemtarsacs fone had ceraimer apecilics &nd o husd waste cut
information], ang o tham Fad e 253-H Baxes and ore hod the suparcompestor boxes. Hosewer,
thare’s some ddfersnoe in the number of containers from 2683-H snd tha SCF. The comiaines
spacilics apreadshent has deta on 222 boane from 253-H whia the Sprasdibant with only 383-H
hoxes has only TB3. Tha corlaine apecifics spreadshear has dats on 632 SuperComeactor boxs
all but one of which Fas a comainer nomber staring with SC1, 87 B-25 Yallow-Light boses with
contsinar numberns staring wih SC, e B1 Yellow 5758 boxes with certaing rumbies glaring
with BC |this totels 769 boxes whose rambers s1am with SC1 while the spresdsheet with only SCF
bemas has 149,

Aesparas;

253-H: Alar tha 253-H campaster wak dhu e, a low Garaiaiors usdad the container typae cods
number 3 fl.e. purple B-26) contsingr lor normal waste ond sent thes waste diracty 1o the Ay, 1

did 5 queny 10 chack this ard found this io be scocursds, Trarslors, tha ieqel of 183 Iram 353-H s
arrait,

S0F comianer: Whan §mn my quanrg, | only gsarched lor Supul:mwr Birzag 1Fe8 coriarsil 1ha
Fecondiberad G5 -galon dnam, 1 lergoy tha soma cthier 55-galen dramns hed been compacted a2
SCF. | pesforrad & query 1o oheak on this, Thamfpra, ihe PED jotpl i iha cormect numbar, Soryls

3. | spoke with Tony Hayes about which boxas go 1o the supeicomgacian wisis wihech 3o not.
Tony indicated chal there ane 3 soreening oritena for boxes goirg to the sor faciity 1< 14 tibim,
<2000 pounds of waste, <4.60-3 Pu-230 aquivslant]l. Could you sart through the ez in ke
containe: specdics liet and tall us the ania That could go 10 the S Taciiny? The sy, we'll hose &
siragie of the frection of bowes that could be supercompacied. Tony indicsied that, of the boxee that
g i tha soming Esciliy, sbout 15% am remcied a3 rod Being st Tor Supacompacion.

Amsponses: Haber (0 miy MERONES in lha Govar ms ks
Thanks!

Elsinar
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B-7 Thomas, L. C., Internal SRS Email Dated 6/4/01 (2001)
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Gl Thossas Ta Mk PhiledWSRCSn@En
) o Emer WilRe WG RCE TS, Jim CoskWER CiSm i, Wetiondn
oA O A3 GoMElonWERGE DS
Sasbgi=t Flir: larrea fiae Hm-ﬂdm@

Mark,
Locks good, The onky omimsnl 8 i the Tesl case you assign @ sing ks dansty 1o the 60% compactible
fractian bk in the compacted case you breakow? the 16% WEF rgject and assion & difleresd denaity. For
consstercy. | auggest you was the sama sslhcdelegy ke both cases. Addtionally, the reject baxes from
WSF should be consderes booweight 1600-1700 bs. The main reason for the mjects is thal ths bass
conlan uncormpacible metal that whiks Balow T WEF critania of 2000, e bensSt could be gained by
processing. This would be diffcull 1o fnd in WITS howsver sinoe the repsched boxes @ nod desigrehed
dilfarantly, Bearching th peth of avery box would ba raaded 1o idenlify hass reects,

1 Esslicyn Mop arawaned gl of woor questions. H you have argmana ks call gl PE317 e poge at 19087
ks
iy
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B-8 Wilhite, E. L., Internal SRS Email Dated 5/11/01 (2001a)

Page 161 of 192




APPENDIX B - EMAILS
SECTION B-8

WSRC-RP-2001-00613

This page intentionally left blank

Page 162 of 192




APPENDIX B - EMAILS
SECTION B-8

WSRC-RP-2001-00613

Cimar Wilhie Teo Mark PhifedWSRGEE@EDs, Ed SlewensiWER /e, i
ThomasMWER TS, Srawn ReodWERCSmE S, Weledld
Gakslon WERC B S, Tom HutchedWS RESnsE5s, Jim
CookWERC S s

Lo
D10 1292 PW Gaslpes!. Flirwied LL'W Contidrer Dals

Ais vl discussad in our mesting on Tuesday. e revised T dansily data on LLVW conbainers io split cut
the: B-2fxs not meeting e WSF screening crileria from thoss meeling the ofieria. The confainers not
meeling the screenng Grivera are a btk bl maore dense than those meeting e crilena §0.2124 gom®
wersus DUIET giom], but the difference i sl and wil not change the projections Mark showed

Elmer

Hick Aeet h%l’wkage Da
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Lagrwi-Larvel W pte C tataisiers far Tronch Dinpasal

The fillaswing table preseats a breakdiws of the weste costsiner information provided by et Boddy, For each type of enneainer. the
total nember of containe asd satisfics on the density of the waete in the contuiners are presenied. Por SRS B-25 coslaisers, those
mesiing the 'Wiste Sort Facility (WSF] soreeniag erilerin oee lined ssparaiely B Thass moi peasing The ceiierm

Ml ales provided an salysks of coslsiners B meni i WSF sCPeeming crileriac on the average, 25, 7% of the contriners faiksd

sereenieg, Tony Hayes indicaled that, of the Bowes sere m the Wisile Sort Pacility, abaut 15% were rejecied because the cenlents weps
enaccepiahle for compactisn.

Hat absa supplied Se fellowizg information regandisg e naméer of sepercompactsd deums tat po ino & B-E5 comtaining
i il warsn-

Avange = 83 compacied drume
Medizn = ¥ compacing drums
Faxinmm = 68 compacied diiss
FMminmum = 24 cospacied dnims
51 dey. = 75 compacied drums

Wetght of et pty drem = Average B8 b 40 204, Based on Container Approvel
I propass we make the following aiurmplions i aepedite esimalieg sulsidencs poientiak
1. Cossider only the SRS B-25 bowes. The nos-SRE bower and miscellanesus contaisers represent only abaut 14% ol the
tolal surber of contaners. The SRS B-12 kaxes reprosen about E% of (he SRS buses

3, Wealso shoukin't coasicke Se 143 boxr ihat were oompined in the 753-H compasior (l.2., B-25P [Parple Compacior
B-23p compacied). This ompucior is oo konger apsralionel.

Wi e the average denaity of the howes versus the soil bulk denaity of 1,5 giom’ do estiman: subsidence potential,
The Ezgizeered Trench will coarzin 12,000 E-I5 ko, stacked 4 high.

The supercom pacior will be able 1o compec 60% of the bass

B25 Bomes are |.E3 meters loag, |17 meiers wide, and 1.19 meters high

o s

Two simple cases can then be consrumsd. Oae in which all of o costminers in the Engingersd Tresch arg uncompacied B-255 md
the sther in which $(f% of the boes conlaiis ssper compacied waste, The subsidenc: poestial for thess twp s Is;

1. The commpikile iverane iscorepaciod box deasity 15 0.1747 glem (i 2., conhising the containers mestisg WEF sereering
criieria aad thice nel metiag the criteria). Usng the direasions of the bax, the bos volume is 2.55x00% em”, Therefore,
die pecrmge box contins 445x10" grams of waste. IF the waste were In be compacied to 2 density of 1.5 glem”, the
sesulting height of the wasie {i.2., sssemirg the length and width remain the same) wosld B 14 e (i.e., 445:00° gams
divided by 1.5 plom’ squals 2573197 cm®, 297210" e’ dividied By 2,140 cm” (133 cm * 117 ere) gives Sie pew
Beight of 13,87 em. Therefore, the subsidesce patemial for sach layer of bawes & 105 cmoand the sl sebsidmos
poteniil for o -high sk of booes B 410 2m,

L The average deminy of the supseompacied boves B 07201 glen'. Sity pereent of the bawes will b2 compacied.
Theresore, the everall sversge dasify of the bowes in this case & 05000 glem’ (060, T200 + 0401748 Usiag the
=me logie 85 abave, the sulbkidencs prestial for sach pow of basss i 79 20 and thai for fhe 4-high seek i 307 o

Theselore, ssperempacton would redece overall subeidenc: by 100 e (e, 259, O coure, superompacton would dso resell in
e enginesred trench contaizing almest fwice fe mamber of iscompactad B-25 equivadents, | arrived a this by twking the average
densicy of the seperosmpacted bowes limes the dimeasions of & B-25 10 g=t he avermge wripht of e comoemis s 1E45 10 prama
Thee, wsiigg Mal's information sbove (Le, mch supereompacted box coslains, os seermr, 40 pucke and sach empoy drem el is
wmed o & peck weighs 16 poanda), the amourd of wasie i the supercompisted bas & | 1R 13" grams. Using the averags density
of uncompacted bessi af (LI T4E glem’, and the box dimersions, sach uscempactad bax cansins 44910 prams of wiste. Thenefos,
zach supercom pacied box conlaine wale sqpivalent o about 205 ren-compacizd boxes,
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B-9 Wilhite, E. L., Internal SRS Email Dated 6/4/01 and issued at 7:29 am (2001b)
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Elmer Wilhie Tor Mathank Roddy SRS slErs
o Mark Priler® SR ErsilGme
Subject Ancther Package Quesiion

CORMIDY 0728 AM
sl

In e various spreadsheels Tal you had sent me, then's one that lisks containars ol pess: the WEF
scresning crter. From Tony Hayes, | learned thal, of the boxes passing 'WSF screening criterta, abaul
15% are rejecied from being supercompactad. Do we have 8 way of identifying those boxes that wane
rajacied S0 Pl wa can sen ¥ s 8 denaity diManence’

Tharks,

Efirrusr
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B-10 Wilhite, E. L., Internal SRS Email Dated 6/4/01 and issued at 9:59 am (2001c)
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Eimer #ihHe Tee Kark PhfecfNE RCE e Sn
et DRl ThemanW S RESmises, Jm CootWERCE e, Tom
BulehenWER C/Srs DS, WisllendI GolsoniWERCISrs s
Subject R Bame for Aediew and Oueslisn

D00 EeE A
Pféark:

| suggest thal we assums the bokes nepscied from WSF weigh 1,650 pounds which i3 equivalent to 748,43
kg, lusad iha coniairss spachics spraadarsel thal Nl hed provided o determine the average weighl of
GRS B-25 boves as 26202 ky. Thus, the average box rejecisd by WEF vaould &onlais 405081 b of wasie.

Elrnes
----- Forwanded by Elmer WAhIEsSASRCESs on OG0 D567 AM —-

A Thadmas T Mark Phita

AT (S AR = Elmer Ve WS R GG DS, Jim CoolWE RGBS, \Wakoddd
Caphigl

SRR S S
Subject Fa: Herm for Baview and um:{a

Mark,

Lisgis good. T only cammnant B in th sl caig you @aeign & single density to the 50% compacible:
fraction but in the compacied cose yow breakou the 18% WEF reject and assign a difarent dansily. For
oonsishenoy, | suggest you use the same methodokogy for both cases.  Addiliarally, e repcl boxes from
WESF shiuld b canidessd to vsight 1600-1700 bs. The main reason for the reects s thal e boses
comain uncompacibke melal that while bolow The WEF oriteria of 200004, lida beradil could e gainesd by
procaeing. This would be SMeul 1 ficd in WITS howereer aince the miscied boees ars not designaled
differently. Searching the path of ewery box would be nesded io idenlity Ihese rejoecs,

I b Fve answered al of your questons. I you have anymore pis call al 75317 or page al 11057
Thanks
oliff
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B-11 Wilhite, E. L., Internal SRS Email Dated 6/6/01 (2001d)
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Elmma Wiilkine To: Mark PhiterdWsRC e Srs
oo CHE ThomastWERCSraffi S, Gangdd BunkerBSRIEME S
Subject: Capachy of Engirsanad Trerch

J6MOET1 02:35 P
ark
| checked with Ciff Thamas regarding ihe capacity of ihe Engineared Tranch. We have besn assuming
12,000 B-25s, based on the equivalancy beteacn the LAWY vaull and the ET but Gery Bunker indicated
he brue capacity was 11,400 boves, C indicated that, for this study, the 12,000 box capacity ts closs
ansugh

Elirsa
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B-12 Wilhite, E. L., Internal SRS Email Dated 6/14/01 (2001€)
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Elmar Wilhiie Toe Mthenl ReddyWEHRCSmsE S
o5 Mark Philes SR S s, CHl Thomas WSAC/SBEET
1 %]
Fabbrt it Subject R Refz} GIFECT SHPMENTS TO SCF[R
Mal

Trearks vary much far getting this for us! The carber shaeals you hed seni fokalled 778 boves from BCF, |
forwarded you an email thal you Pod sef] re sore lime ago showing the 778 boxas of SCF waste.

sing the awersge numbar of cofgscled drunm per box (400, the 770 boxes of compssind washe would
cantan 28 560 drurs,  Therefore, the G085 drums tha Sid neot ge thicugh WSF anre about 20% of tha leisl,

Tharhis sagain,
Elmer
HaFanial Reddy
Mathanie! Roddy To: Elmar il SR G s
DEH AR 07 o
Subjoct: Ae: RefZ) DIRECT BHIPMENTS To SCF[

Elmr,

I 'wiend Back 1 all ol iy Gulpul fles conceming the SCF contaimars. Thans wane 749 cortainas from the
SCF frwt met the trench criteria. | could nol Tind angthivg s ey les about an addiional 30 containges. 1F |
am misaing sameathing, ploass lel me know.

Cast of thie 7458, thane ane & olal of G085 compacied drums thal wene receked fam citaids of the WSE

1 hoips: this: halgss!

I'ycis have any guestions, pheass lal me knos,

T;‘}mé Honteley.—.

Elmer WAhha

Elmes Wilhile T Ml Reddy WIRCE il S
oG

Ce 12901 {04 Pl
Febincl: An: Re{Z} IRECT EHIFWENTE TO SCF[R

Hat:
Thanks for makin sune!

Waorr. Al we e s the number of compacted drums contained in he 779 B-258 thal ware sent directly 1o
the compactor mthar than Teaugh WF, | do fdd nsed &y o nformation on those drums.
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Eimar
Hathanisl Roddy

Rathani:] Roddy Too Elmer WilhileWS RS S

1 Pl =2
Pkl Subject: Ae: ReZ): DIRECT SHIPMENTS TO SCFY

Elmmr,

JuEl g9 | urderstand, your reguest is only for the numier of compacingd drims Based on therr onginatian
that anz containgd within e 779 B-258  IF | am naf commect, pleass lelmes know. - Do yois naed aiy
addiional informaton aboul Sese drums?

Theanks!
Elrmer Wilkili

Elmer Wikit Ta: CIIT ThomasmSRcEm it

ce: idnrk Phifer WSRICEs 50s, Tom BulcheWER TS S, Matunis|
FnddyiWER
Suhjert: Fe: AnfZ]: IRECT SHPMENTS TO ECF

OO 0718 A

CHFE

| wag on the verge of caling you fo say Tat | agreed with your dea thal T dnoeves sl by gesseios o
the compaciar [bypassing WEF| was implsitly inchadad in ihe dats asl it we had analyzed. My mtionals

Wi That the dals st gpanred several vears of E-Area aperatons and the dinech drims was & ecii
Innicraation

However, Torg's infommation indicates thal the dinect drum Eusirsss hag been going on for aimast as long
&4 1he compacion Fos besn opersting and aboul 2{% of drums compacied come directly frem ganaralerns,
Therelone, | beleve we need Mat o genanaba for us T dieiibulicn of e compaded droms contained in

8 779 B-25e contaning compacted waste batawan $ose sent dinsctly lo SCF and those going Hinciagh
WEF.

| balieree thizs will resalt n only a miner adjustment o cur dgures, bt # will be accurabs.

=)

— Fonaandied by Elmer WIhIIBAWSR G on A2 0T 15 AW —
Anihorny Hayes To: Eimer WilhieWERCiEmsd Bra
[

06T D352 P
Shymct: a; Re(2]: ORECT SHPFMENTS T SCF[Y

The ECF began hot cpanations in June 1969 and has compactked 28,495 dums 1o dals
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BHmer Wilhke
Eimar Wilhis Ta: Anbosy HepeaWERCEraE S
194 N3 3N =
it P Bukpcd: Fa{Z] DIRECT EHIPWENTS T SCi |':|
Tony

Witz did ihe compachor drst begin operations?

Elmer
Anthary Hayes

Anithary Hayes Tec Elmer veiniaARC AR
oo
Subjuct: TRECT SHEMENTS T S5

08111 0Z17T FM

Elrmar,

The oompactior recered ils first chipment directy from generalors an1 0D, To dabes, e somsmpack

hees recaned T 00T guch digve, This dats wes chianed from & WITS query. Hope i helps.

Ty
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B-13 Williams, L., Internal SRS Email Dated 5/17/01 (2001a)
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Larcy Willlams To- Mark PriterWSRC/Emsg S

oo R ThermaniHR G5 Ses, Boeni Dowg henp B SRS m S
Subject .25 Fonstam From WEF and 501

SEMTN HTR MM
hiack

G Themas recuediled | provide you The attached forecast showing B-25 wasle containers generabad ke
the Super Compaction Faclity {SCF) and Wasle Sort Faciity (WSF) through FY70.

Loy
T-E3TRM 33TE

Ma B-25= From SCREW
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B-14 Williams, L., Internal SRS Email Dated 6/11/01 (2001b)
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Liray Williams Toc Mark PhifecS oSS S
== Beenl Daugher ity BERVErSESrs, CEF ThemauWiSinG i
Subjoot Moo ol B-2 56 froin WS

05 104 04:22 P
Fark

Iz ciata that | sent on BA701 is 51 good,  Plasss use Lhe ins Sled, "Onsite Comasciabis 1o
LEWWERgnaaring Trench™ The data indude only compacied daims in B-254 far dspozal in the EAY
and Trenches

Lerory Wilkams
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